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(54) Printer control based on head alignment 

(57) A printing system in which it is determined 
whether the print heads of a printer are effectively 
aligned and, depending on whether or not the print 
heads are effectively aligned, one of multiple different 
printing schemes is selected for controlling printing of a 
print job, wherein the selected printing scheme for the 
case when the print heads are not effectively aligned 
includes controlling printing by directing the printer to 
use only one selected print head. 
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Description 

[0001] The present invention relates to a printing sys- 
tem for controlling a printer having multiple print heads 
for the printing of an image on a recording medium 
based upon the alignment condition of the print heads. 
More specifically, the present invention concerns a print- 
ing system in which it is determined whether the print 
heads are effectively aligned and in which one of multi- 
ple different printing schemes is selected based upon 
the alignment determination. 

[0002] A conventional multiple print head printer typ- 
ically prints an image on a recording medium in re- 
sponse to commands and data received from a printer 
driver that is executed within a computer attached to the 
printer. The conventional printer prints the image on the 
recording medium by moving the print heads in lateral 
scans across the recording medium while the print 
heads print an image corresponding to the print data re- 
ceived from the printer driver. The manner in which the 
printer driver directs the print heads to scan the record- 
ing medium for printing depends upon several factors 
including the type of image being printed, the desired 
resolution, and the type of recording medium being 
used For example, the printer driver may command the 
printer to print an image by scanning overthe same scan 
line of the recording medium several times in succes- 
sion in order to improve the image quality. In addition, 
the printer may be commanded by the printer driver to 
print the current scan line in one direction and then to 
print the next scan line in the other direction. Print head 
speed and print head nozzle selection can also be var- 
ied to achieve the desired printed image. Various com- 
binations of the aforementioned printer control opera- 
tions may be used to achieve the desired image quality 
according to the print modes and conditions related to 
a given print request. 

[0003] When the print heads are not effectively 
aligned with respect to each other, or with respect to the 
printer, the quality and resolution of the printed image 
can be adversely affected. For this reason, some con- 
ventional printers provide an alignment process where- 
by the printer driver and the printer operate in a coordi- 
nated fashion to determine the degree of misalignment 
of the print heads, and to align the print heads if neces- 
sary. The alignment process is generally performed 
whenever it is determined that the print heads may be 
misaligned; because: (1 ) the user changed one or more 
ink cartridges in the printer; (2) a specified amount of 
time or number of print jobs has elapsed since the last 
time the alignment process was performed, (3) the print- 
er detects that the print heads are misaligned, or (4) the 
user spontaneously chooses to perform the alignment 
process. If the printer driver determines that the print 
heads may be misaligned for reasons discussed above, 
among others, the printer driver notifies the user of the 
problem by a dialog box on the computer display. This 
dialog box is generally displayed when the user at- 



tempts to send a print request to the printer from an ap- 
plication being executed in the computer. If the user 
chooses to initiate the alignment process, it is presumed 
by the printer driver that the alignment process has 
5 aligned the print heads sufficiently upon completion. 
[0004] A problem arises when the user chooses not 
to perform the alignment process after being prompted 
with a dialog box as described above. Heretofore, print- 
er drivers have either: (1 ) allowed the user to attempt to 
10 print the image in the normal fashion, thereby risking a 
reduction in quality of the printed image; or (2) prevented 
the user from proceeding with the print request until the 
alignment process is performed. This arrangement is 
unsatisfactory because a print request that is processed 
by a printer with misaligned print heads may have re- 
duced image quality and because a user may desire to 
send a print request to the printer without taking the time 
to perform the alignment process. 
[0005] What is needed is a printer that can determine 
whether the print heads are effectively aligned and that 
can allow the user to obtain the best image quality pos- 
sible when the printer driver determines that the print 
heads may be misaligned. 

[0006] The present invention addresses the foregoing 
by providing a printing system whereby one of multiple 
different printing schemes is selected based upon a de- 
termination that the print heads are not effectively 
aligned, thereby maintaining image quality and resolu- 
tion. As a result, the user is allowed to print a quality 
image after being prompted to perform the alignment 
process and deciding not to do so. 
[0007] In particular, the present invention relates to a 
printer driver for execution within a computer attached 
to a printer having multiple heads whereby the printer 
driver determines whether the print heads may be mis- 
aligned because: (1) the user changed one or more ink 
cartridges in the printer; (2) a specified amount of time 
or number of print jobs has elapsed since the last time 
the alignment process was performed; or (3) the printer 
detects that the print heads are misaligned. When the 
user attempts to initiate a print request, the printer driver 
generates a dialog box on the computer display prompt- 
ing the user to perform the alignment process. 
[0008] If the user chooses to continue the print re- 
quest without performing the alignment process, the 
printer driver instructs the printer to print the requested 
image by using only one of the print heads, thereby re- 
ducing the adverse effects caused by misalignment of 
the print heads with respect to each other. For example, 
if the printer contains two of the same type of print 
heads, then the first one is chosen for printing when the 
print heads are misaligned. If, however, the print heads 
are a combination of a color ink print head and a black 
ink print head, then the color ink print head is used for 
printing when the print heads are misaligned, unless the 
image to be printed requires only black ink in which case 
the black ink print head is used. In this manner, the print- 
er avoids image overlap and blurring that is caused by 
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printing with two print heads that are misaligned with re- 
spect to each other. 

[0009] In a further aspect ot the invention, the printer 
driver instructs the printer to print the requested image 
by laterally scanning the print heads in one direction only 5 
when the user has chosen to perform the alignment 
process after being prompted to do so. In this manner, 
the image quality is improved when printing without 
alignment because unilateral scanning of the print 
heads results in a higher quality printed image than bi- 
directional printing when the print heads are misaligned 
with respect to their properly aligned positions within the 
printer, respectively. 

[0010] Thus, only one print head is utilized for scan- 
ning the recording medium in a single direction when 
printing without alignment, however, the other print con- 
trol parameters provided to the printer by the printer driv- 
er generally remains the same. For example, a print re- 
quest for printing a high resolution image on plain paper 
when the print heads are aligned would require the print- 
er to scan both print heads in both directions, and to 
repeat the printing of each scan line twice. If the same 
print request is made when the print heads are mis- 
aligned, however, the printer would scan only print head 
number one in one direction only, but would still repeat 
the printing of each scan line twice. 
[0011] In a preferred embodiment of the present in- 
vention, a print request is denied by the printer driver in 
the event that the requested print mode cannot be sup- 
ported with only one print head when printing without 
alignment. For example, if the user initiates a print re- 
quest for a photo-quality image and is then prompted by 
the printer driver to perform the alignment process, the 
print request will be cancelled by the printer driver if the 
user elects to forego the alignment process. This is be- 
cause the printing of a photo-quality image requires the 
use of both print heads and therefore cannot be printed 
without alignment wherein only one print head is utilized. 
[001 2] As a result of the present invention, the user is 
allowed to proceed with a print request when the print 
heads may be in a misaligned state and the printer driver 
selects a printing scheme in such a situation whereby 
only one print head is utilized for scanning the recording 
medium in one direction only. This scheme results in im- 
proved quality of the printed image when the print heads 
are misaligned with respect to each other or with respect 
to the printer. 

[0013] This brief summary has been provided so that 
the nature of the invention may be understood quickly. 
A more complete understanding of the invention can be 
obtained by reference to the following detailed descrip- 
tion of the preferred embodiments thereof in connection 
with the attached drawings. 

[0014] Figure 1 shows a perspective view of comput- 
ing equipment used in connection with the printer of the 
present invention. 

[001 5] Figure 2 is a front perspective view of the print- 
er shown in Figure 1. 



[0016] Figure 3 is a back perspective view of the print- 
er shown in Figure 1 . 

[0017] Figure 4 is a back, cut-away perspective view 
of the printer shown in Figure 1 . 
[0018] Figure 5 is a front, cut-away perspective view 
of the printer shown in Figure 1 . 

[001 9] Figure 5A is a top-down plan view of the printer 
shown in Figure 1 . 

[0020] Figure 5B shows a face-on view of clutch plate 
and gears operated by both line feed motor and carriage 
motor of the printer shown in Figure 1 . 
[0021] Figure 5C is a flow diagram which depicts op- 
eration of the automatic sheet feeder process for the 
printer of an embodiment of the present invention. 
[0022] Figure 5D is a flow diagram which depicts op- 
eration of the capping and purge process for the printer 
of an embodiment of the present invention. 
[0023] Figure 6 shows an example of a disposable ink 
cartridge used with an embodiment of the present in- 
vention. 

[0024] Figure 7 shows a face-on view of head config- 
urations for print heads used with an embodiment of the 
present invention. 

[0025] Figure 8 is a block diagram showing the hard- 
ware configuration of a host processor interfaced to the 
printer of an embodiment of the present invention.- 
[0026] Figure 9 shows a functional block diagram of 
the host processor and printer shown in Figure 8. 
[0027] Figure 10 is a block diagram showing the in- 
ternal configuration of the gate array shown in Figure 8. 
[0028] Figure 11 shows the memory architecture of 
the printer of an embodiment of the present invention. 
[0029] Figure 1 2 shows an overall system flowchart 
detailing the operation of the printer of an embodiment 
of the present invention. 

[0030] Figure 13 is a flowchart showing print control 
flow in accordance with an embodiment of the present 
invention. 

[0031] Figure 14 depicts a table showing command 
flow during a printing sequence. 
[0032] Figure 15 is a flow diagram which depicts a 
hard power-on sequence for the printer of an embodi- 
ment of the present invention. 

[0033] Figure 1 6 is a flow diagram which depicts a soft 
power-on sequence for the printer of an embodiment of 
the present invention. 

[0034] Figure 1 7 is a flow diagram which depicts a soft 
power-off sequence for the printer of an embodiment of 
the present invention. 

[0035] Figure 18 illustrates communication according 
to the preferred embodiment of the invention between 
an application program and other operations running on 
a host processor and various tasks running on a printer 
according to the preferred embodiment of the invention. 
[0036] Figure 1 9 is a flow diagram illustrating control- 
ler timer control according to a cyclic handler for con- 
trolling timer operations. 

[0037] Figure 20 is a flow diagram which depicts print- 
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er driver software process flow. 

[0038] Figure 21 A is a flow diagram which depicts au- 
tomatic sheet feed sequence of an embodiment of the 
present invention. 

[0039] Figure 21 B is a continuation of the automatic 
sheet feed sequence shown in the automatic sheet feed 
sequence of Figure 21 A. 

[0040] Figure 21 C is a flow diagram which depicts the 
early success logic shown in the automatic sheet leed 
sequence of Figure 21 A. 

[0041] Figure 21 D is a flow diagram which depicts the 
load speed select for the automatic sheet feed se- 
quence shown in Figure 21 A. 

[0042] Figure 21 E is a flow diagram which depicts the 
recovery sequence as shown in the automatic sheet 
feed sequence of Figure 21 A. 

[0043] Figure 22 is a flow diagram which depicts an 
automatic sheet feed sequence for a first page within a 
printer. 

[0044] Figure 23 is a flow diagram which depicts an 
automatic sheet feed sequence after an eject sequence 
in a printer. 

[0045] Figure 24 is a flow diagram which depicts print- 
er driver logic for the selection of line feed, paper toad 
and eject speeds. 

[0046] Figure 25 is a flow diagram which depicts eject 
speed override logic of an embodiment of the present 
invention. 

[0047] Figure 26 is a flow diagram which depicts line 
feed speed override logic of an embodiment of the 
present invention. 

[0048] Figure 27A is a representative view of for de- 
scribing carriage control for printing text, continuous im- 
ages, and color images. 

[0049] Figure 27B is a representative view for describ- 
ing carriage direction control for scan lines which include 
both non-color continuous and color images. 
[0050] Figures 27C to 27G are tables for determining 
print direction and other print information based on print 
mode, head type, paper type, and print data type. 
[0051] Figure 28 is a representative view for explain- 
ing movement of print heads according to an embodi- 
ment of the invention. 

[0052] Figure 29 is a flowchart for describing a SKIP 
command issued by a printer driver according to an em- 
bodiment of the invention. 

[0053] Figure 30 is a flowchart for describing a PRINT 
command issued by a printer driver according to an em- 
bodiment of the invention. 

[0054] Figure 31 is a flowchart for describing a DI- 
RECTION command issued by a printer driver accord- 
ing to an embodiment of the invention. 
[0055] Figure 32 is a flowchart for describing an 
EDGE command issued by a printer driver according to 
an embodiment of the invention. 

[0056] Figure 33 is a flowchart for describing determi- 
nation of a scan margin by a printer driver according to 
an embodiment of the invention. 



[0057] Figure 34 is a flowchart for describing a 
NEXT JvlARGI N command issued by a printer driver ac- 
cording to an embodiment of the invention. 
[0058] Figure 35 is a flowchart for describing an 
s ATJDELAY (automatic delay) command issued by a 
printer driver according to an embodiment of the inven- 
tion. 

[0059] Figure 36 is a flowchart for describing a car- 
riage task performed by a printer control according to 
10 an embodiment of the invention. 

[0060] Figure 37 is a flowchart for describing a first 
carriage scan control called by the carriage task of Fig- 
ure 36. 

[0061] Figure 38 is a flowchart for describing a second 
is carriage scan control called by the carriage task of Fig- 
ure 36. 

[0062] Figures 39a and 39b are representative views 
for describing satellite control according to an embodi- 
ment of the invention. 
20 [0063] Figure 40 is a flowchart for describing carriage 
motor start performed by a printer control according to 
an embodiment of the invention. 

[0064] Figure 41 is a flowchart for describing a car- 
riage interrupt process performed by a printer control ac- 
25 cording to an embodiment of the invention. 

[0065] Figure 42 is a flowchart for describing automat- 
ic trigger delay performed by a printer control so as to 
alleviate satelliting according to an embodiment of the 
invention. 

30 [0066] Figure 43 is a flow diagram which depicts a 
printer driver software alignment process of an embod- 
iment of the present invention. 

[0067] Figure 44 is a series of print mode tables for 
printing with alignment and without alignment pursuant 
35 to the printer driver software alignment process of Fig- 
ure 43. 

[0068] Figure 45 is a flow diagram of processor-exe- 
cutable process steps to print color data. 
[0069] Figure 46 illustrates printing of color data and 
40 black data using two different ink jet print heads. 

[0070] Figure 47 is a diagram for describing prefire 
control in which a prefiring operation is performed at a 
predetermined interval. 

[0071] Figures 48 and 49A to 49C are diagrams for 
46 describing image degradation that can result from inad- 
equate prefiring. 

[0072] Figure 50 is a diagram for describing prefire 
control according to an embodiment of the invention. 
[0073] Figure 51 is a flowchart for describing prefire 
50 control timing according to an embodiment of the inven- 
tion. 

[0074] Figure 52 is a flowchart for describing an up- 
date of prefire timers by a printer controller according to 
an embodiment of the invention. 
55 [0075] Figure 53 is a flowchart for describing a prefire 
check operation performed by a printer controller ac- 
cording to an embodiment of the invention. 
[0076] Figure 54 is a flowchart for describing genera- 
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tion of a nozzle-number-change prefire request by a 
printer driver according to an embodiment of the inven- 
tion. 

[0077] Figure 55 is a flowchart for describing scan 
prefire processing by a printer controller according to an 
embodiment of the invention. 

[0078] Figure 56 is a flowchart for describing a prefire 
(print) function according to an embodiment of the in- 
vention. 

[0079] Figure 57 is a diagram for describing a rela- 
tionship between ink jet nozzle heat pulse width and out- 
put images. 

[0080] Figure 58 is a diagram for describing a heat 
pulse width modulation. 

[0081] Figure 59 is a flowchart for explaining control 
of nozzle heat pulse driving times. 
[0082] Figure 60 is a diagram showing exploded 
views of tables for heat-up coefficients and tables for 
driving times stored in a printer. 

[0083] Figure 61 is a flowchart for describing use of a 
real-time environmental temperature for determination 
of driving times. 

[0084] Figure 62 is a diagram for describing heat 
pulse width modulation during printing of plural scan 
lines. 

[0085] Figure 63 is a diagram for describing heat 
pulse width modulation according to the invention in 
which a heat pulse width is maximized after a first time 
interval since a previous prefire operation. 
[0086] Figure 64 is a flowchart for describing heat 
pulse width modulation according to the invention in 
which a heat pulse width is maximized after a first time 
interval since a previous prefire operation. 
[0087] Figure 65 is a flow diagram of computer-exe- 
cutable process steps to produce binarized data for five 
different inks based on RGB data of a pixel. 
[0088] Figure 66 illustrates a graph of input values 
versus output values for performing output correction on 
input values corresponding to five different types of ink. 
[0089] Figure 67 is a functional block diagram show- 
ing computing equipment communicating with the print- 
er. 

[0090] Figure 68 is a flow diagram illustrating how 
print driver obtains status from printer and modifies 
processing of print data generation. 
[0091] Figure 69 illustrates a flow sequence executed 
by print controller. 

[0092] Figure 70 illustrates process steps for bleed re- 
duction. 

[0093] Figure 71 is a graph of color values. 
[0094] Figure 72 illustrates values stored in Color Ta- 
ble 1 as opposed to values stored in Color Table 2. 
[0095] Figures 73A and 73B are flow diagrams for im- 
plementing smear control processing. 
[0096] Figure 74 is a flow diagram illustrating how the 
print driver sets the value for the smear timer. 
[0097] Figure 75 is a flow diagram illustrating how the 
print driver sets the density threshold for smear control. 



[0098] Figures 76 and 77 are flow diagrams for ex- 
plaining how the print driver modifies speed at which the 
printer feeds sheets from the feed tray. 
[0099] Figure 78 is a flow diagram for explaining how 

5 the print driver modifies the operational parameter of the 
printer that controls the timing for pre-fire operations. 
[01 00] Figure 79 shows a portion of user interface dis- 
played by the print driver on the display 
[0101] Figure 80 is a flow diagram for explaining how 

io the print driver modifies its own operation based on sta- 
tus of the printer. 

[0102] Figure 81 illustrates modification of purge 
speed in the printer. 

[0103] Figure 82 illustrates modification of print driver 
*s operations. 

[0104] This detailed description of the preferred em- 
bodiment is organized into sections, as follows: 

1.0 Mechanical 

20 

1.1 Structure 

1 .2 Cleaning 

1.3 Ink Cartridge 

1 .4 Print Head Structure 
25 1 .5 Print Modes 

2.0 Electrical 

2.1 System Architecture 
30 2.2 System Function 

2.3 Control Logic 

2.4 General Operation 

3.0 Architecture of Printer Software 

35 

3.1 Operating System 

3.2 Initialization 

3.3 Tasks 

3.4 Interrupt Handlers 
40 3.5 Cyclic Handlers 

3.6 Commands To And From The Host Proces- 
sor 

3.6.1 Control Commands 
45 3.6.2 Setting Commands 

3.6.3 Maintenance Commands 

4.0 Automatic Sheet Feed Control 

50 4.1 ASF, Line Feed and Eject Speed Selection 

4.2 Early Determination of Paper Load Success 

4.3 Print Head Maintenance During Paper Load 

5.0 Carriage Control 

55 

5.1 Margin And Direction Control 

5.1.1 Printer Driver Initiated Operation 
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5.1.2 Print Control Operation 

5.2 Automatic Ink Ejection and Satelliting Con- 
trol 

6.0 Printer Control Based On Head Alignment 

7.0 Dual Head Multicolor Printing 

8.0 Prefiring and Pulse Width Modulation 

8.1 P retire Control 

8.1.1 Prefi re Timing 

8.1.2 Embodiment 

8.2 Pulse Width Modulation Control 

9.0 Color Printing Using Multiple Inks 
10.0 Status-Based Control Over Printer 

10.1 Obtaining Status 

10.2 Bleed Reduction 

10.3 Smear Reduction 

10.4 Automatic Sheet Feed (ASF) Speed 

10.5 Prefi re Timing 

10.6 Delay of Manual Feed 

10.7 Purge Speed 

10.8 Compression Mode 

1 .0 Mechanical 

[0105] This section describes the mechanical layout 
and functionality of a printer which includes embodi- 
ments of the inventions described herein. 

1.1 Structure 

[01 06] Figure 1 is a view showing the outward appear- 
ance of computing equipment used in connection with 
the embodiments of the invention described herein. 
Computing equipment 1 includes host processor 2. Host 
processor 2 comprises a personal computer (hereinaf- 
ter "PC"), preferably an IBM PC-compatible computer 
having a windowing environment, such as Microsoft® 
Windows95. Provided with computing equipment 1 are 
display 4 comprising a color monitor or the like, key- 
board 5 for entering text data and user commands, and 
pointing device 6. Pointing device 6 preferably compris- 
es a mouse for pointing and for man ipulating objects dis- 
played on display 4. 

[0107] Computing equipment 1 includes a computer- 
readable memory medium, such as fixed computer disk 
8, and floppy disk interface 9. Floppy disk interface 9 
provides a means whereby computing equipment 1 can 
access information, such as data, application programs, 
etc., stored on floppy disks. A similar CD-ROM interface 
(not shown) may be provided with computing equipment 
1 , through which computing equipment 1 can access in- 
formation stored on CD-ROMs. 



[0108] Disk 8 stores, among other things, application 
programs by which host processor 2 generates files, 
manipulates and stores those files on disk 8, presents 
data in those files to an operator via display 4, and prints 

5 data in those files via printer 10. Disk 8 also stores an 
operating system which, as noted above, is preferably 
a windowing operating system such as Windows95. De- 
vice drivers are also stored in disk 8. At least one of the 
device drivers comprises a printer driver which provides 

10 a software interface to firmware in printer 10. Data ex- 
change between host processor 2 and printer 10 is de- 
scribed in more detail below. 

[0109] In preferred embodiments of the invention, 
printer 10 is a multi-head serial printer. Accordingly, al- 

75 though the inventions described herein are not limited 
to use with such a printer, the inventions will be de- 
scribed in the context of a such a printer. 
[0110] In this regard, Figures 2 and 3 show close-up 
perspective front and back views, respectively, of printer 

20 io. In physical structure, the preferred embodiment of 
printer 1 0 is similar to the printer disclosed in U.S. Patent 
Application No. 08/972,113, entitled "Multi-Head Print- 
ing With Differing Resolutions", filed on November 17, 
1997, which is incorporated herein by reference. 

2S [0111] As shown in these Figures 2 and 3, printer 10 
includes housing 11, access door 12, automatic feeder 
14, automatic feed adjuster 16, manual feeder 17, man- 
ual feed adjuster 1 9, media eject port 20, ejection tray 
21, tray receptacle 22, indicator light 23, power button 

30 24, resume burton 26, power supply 27, power cord 29, 
and parallel port connector 30. 

[0112] Housing 11 is approximately 498 mm in width 
by 271 mm in depth by 219 mm in height, and houses 
the internal workings of printer 1 0, including the print en- 

35 gjne described below which prints images onto record- 
ing media. Included on housing 11 is access door 12. 
Access door 1 2 is manually openable and closeable so 
as to permit a user to access the internal workings of 
printer 10 and, in particular, to access print cartridges 

40 installed in printer 1 0 so as to allow the user to change 
or replace print cartridges. 

[011 3] Disposed on the top of access door 1 2 is af ront 
panel comprising indicator light 23, power button 24, 
and resume button 26. Power button 24 is a control by 

45 which a user can turn printer 10 on and off. Additional 
functions, however, are also available through power 
button 24. For example, a test print function can be se- 
lected by holding down power button 24 until a speaker 
(not shown) in printer 10 emits a sound, such as one 

50 beep. In response to this test print function, printer 10 
prints a test pattern. 

[0114] Resume button 26 provides control by which 
an operator can resume printing after an error condition 
has occurred. In addition, resume button 26 can be used 
55 to activate other functions. For example, a print head 
cleaning function can be activated by holding down 
resume button 26 until the speaker in printer 1 0 produc- 
es a beep. 
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[0115] In this regard, printer 10 is able to provide a 
variety of consecutive beeping sounds. Each of these 
sounds indicates a different type of error, such as paper 
empty, paper jam, etc. 

[0116] Indicator light 23 is comprised of a single light 
pipe, a green light emitting diode (hereinafter "LED"), 
and an orange LED. Indicator light 23 provides a user 
with an indication of the operational state of printer 10. 
Specifically, when indicator light 23 is off, this indicates 
that printer 10 is powered off. When indicator light 23 is 
illuminated green (i.e., the green LED is activated), this 
indicates that printer 10 is powered on and is ready for 
printing. When indicator light 23 is green and blinking, 
this indicates an operational state of the printer, such as 
that the printer is currently powering on. 
[0117] Indicator light 23 can also be illuminated or- 
ange by the orange LED. When indicator light 23 is illu- 
minated orange, this indicates that a recoverable error, 
i.e., an operator call error, has occurred in printer 10. 
Recoverable errors comprise paper empty, paper jam, 
defective cartridge installed in printer 10, cartridge re- 
placement in process, etc. It is possible to distinguish 
the type of recoverable error based on a number of 
beeps from printer 10's speaker. By counting these 
beeps when indicator LED is continuously orange, a us- 
er can determine which error has occurred and act ac- 
cordingly. 

[0118] When indicator light 23 is orange and blinking, 
this indicates that a fatal error, i.e., a service call error, 
has occurred in printer 10. It is possible to distinguish 
the type of fatal error that has occurred merely by count- 
ing how many times the orange light has blinked. 
[0119] As shown in Figures 2 and 3, automatic feeder 
1 4 is also included on housing 1 1 of printer 1 0. Automat- 
ic feeder 14 defines a media feed portion of printer 10. 
That is, automatic feeder 14 stores recording media on- 
to which printer 10 prints images. In this regard, printer 
1 0 is able to print images on a variety o1 types of record- 
ing media. These types include, but are not limited to, 
plain paper, high resolution paper, transparencies, 
glossy paper, glossy film, back print film, fabric sheets, 
T-shirt transfers, bubble jet paper, greeting cards, bro- 
chure paper, banner paper, thick paper, etc. 
[0120] Automatic feeder 14 is able to accommodate 
a recording media stack which is approximately 13 mm 
thick. This means that automatic feeder 14 can hold, e. 
g., approximately 130 sheets of paper having a density 
of 64 g/m 2 or approximately 1 5 envelopes. During print- 
ing, individual sheets which are stacked within automat- 
ic feeder 14 are fed from automatic feeder 14 through 
printer 10. Specifically, rollers (described below) in print- 
er 10 draw individual media from automatic feeder 14 
into printer 10. These individual media are then fed in a 
"J" type path through the rollers to eject port 20 shown 
in Figure 2. 

[0121] Automatic feeder 14 includes automatic feed 
adjuster 16. Automatic feed adjuster 16 is laterally mov- 
able to accommodate different media sizes within auto- 



matic feeder 14. Automatic feeder 14 also includes 
backing 31 , which is extendible to support recording me- 
dia held in automatic feeder 14. When not in use, back- 
ing 31 is stored within a slot in automatic feeder 14, as 

5 shown in Figure 2. 

[0122] Individual sheets also can be fed through print- 
er 10 via manual feeder 17 shown in Figure 3, which 
also defines a media feed portion of printer 10. In pre- 
ferred embodiments, manual feeder 17 can accommo- 

10 date media having a density of at least between 64 g/ 
m 2 and 550 g/m 2 , and having a thickness of 0.8 mm. 
Sheets fed through manual feeder 17 are fed straight 
through the rollers in printer 10 to eject port 20. As was 
the case with automatic feeder 14, manual feeder 17 

is includes manual feed adjuster 19. By sliding manual 
feed adjuster 19 laterally, a user can vary the media 
which manual feeder 17 can accommodate. 
[0123] Using manual feeder 17 and automatic feeder 
1 4, printer 1 0 can print images on media having a variety 

20 of different sizes. These sizes include, but are not limited 
to, letter, legal, A4, A3, AS, B4, B5, tabloid, #10 enve- 
lope, DL envelope, banner, wide banner, and LTR full 
bleed. Custom-sized recording media can also be used 
with printer 10. 

25 [01 24] As noted above, media are fed through printer 
10 and ejected from eject port 20 into ejection tray 21. 
Ejection tray 21 includes spring-biased flaps which sup- 
port media ejected from printer 10, and which move 
downwardly as more media are piled thereon. When not 

30 in use, ejection tray 21 is stored within tray receptacle 
22 of printer 10, as shown in Figure 2. 
[01 25] Power cord 29 connects printer 1 0 to an exter- 
nal AC power source. Power supply 27 is used to con- 
vert AC power from the external power source, and to 

35 supply the converted power to printer 10. Parallel port 
30 connects printer 1 0 to host processor 2. Parallel port 
30 preferably comprises an IEEE-1284 bi-directional 
port, over which data and commands, such as those de- 
scribed below in section 3.0, are transmitted between 

40 printer 1 0 and host processor 2. 

[01 26] Figures 4 and 5 show back and front cut-away 
perspective views, respectively, of printer 10. As shown 
in Figure 4, printer 10 includes rollers 32, noted above, 
for transporting media from either automatic feeder 14 

45 or manual feeder 17 through printer 10 to media eject 
port 20. Rollers 32 rotate in a counterclockwise direction 
during media transport, as indicated by arrow 32a 
shown in Figure 4. 

[01 27] Line feed motor 34 controls the rotation of roll- 
so ers 32. The arrangement shown in Figure 4 for depicting 
the operational relationship between line feed motor 34 
and rollers 32 is a simplified arrangement for purposes 
of the present discussion. A more detailed description 
of this relationship can be found in Figures 5A and 5B 
55 and in the corresponding descriptions for these figures 
presented below. Line feed motor 34 preferably com- 
prises a 96-step. 2 phase pulse motor and is controlled 
in response to signal commands received from circuit 
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board 35. Line feed motor 34 is driven by a motor driver 
having four-level current control, with the four levels 
preferably set at 0, 40, 70 and 1 00 percent of maximum 
current. 

[0128] In preferred embodiments, line feed motor 34 
is able to cause rollers 32 to rotate so that a recording 
medium is fed through printer 10 at 238 mm/sec at the 
maximum speed of line feed motor 34. In a primary 
mode of operation for printer 10, line feed resolution is 
(1/720)inches/pulse (2-2 phase), and in a 1440 dpi 
mode, line resolution is (1/1440)inches/pulse (1-2 
phase). Print modes are described in more detail below. 
[0129] As shown in Figure 5, printer 10 is a dual-car- 
tridge printer which prints images using two print heads 
(i.e., one head per cartridge). Specifically, these car- 
tridges preferably are held side-by-side by cartridge re- 
ceptacles 37a and 37b such that respective print heads 
on the cartridges are offset horizontally from each other. 
Carriage motor 39, shown in Figure 4, controls the mo- 
tion of cartridge receptacles 37a and 37b in response to 
signal commands received from circuit board 35. Spe- 
cifically, carriage motor 39 controls the motion of belt 40, 
which in turn controls the movement of cartridge recep- 
tacles 37a and 37b along carriage 41 . In this regard, car- 
riage motor 39 provides for bi-directional motion of belt 
40, and thus of cartridge receptacles 37a and 37b. By 
virtue of this feature, printer 10 is able to print images 
from both left to right and right to left. 
[0130] Carriage motor 39 comprises a 96-step, 2 
phase pulse motor resulting in a carriage resolution of 
(9/360)inches/pulse. Carriage motor 39 is driven by a 
motor driver having four-level current control. When 
printer 10 is printing in a 360 dpi standard default mode, 
carriage motor 39 is driven to cause cartridge recepta- 
cles 37a and 37b to move along carriage 41 at a speed 
of 22.5 inches/sec, which corresponds to a print head 
heat pulse frequency of 6.51 KHz. When printer 10 is 
printing in a 360 dpi draft mode, carriage motor 39 is 
driven to cause cartridge receptacles 37a and 37b to 
move along carriage 41 at a speed of 27.5 inches/sec, 
which corresponds to a print head heat pulse frequency 
of 10.0 KHz. In contrast, when printer 10 is printing in a 
720 dpi mode, carriage motor 39 is driven to cause car- 
tridge receptacles 37a and 37b to move along carriage 
41 at a default speed of 13.B inches/sec (10.0 KHz). 
[0131] Cartridge receptacles 37a and 37b are used to 
hold ink cartridges 43a and 43b (which each include a 
print head and can include one or more removable ink 
reservoirs for storing ink) in printer 10. A representative 
ink cartridge is described below in Section 1 .3 with ref- 
erence to Figure 6. 

[01 32] Returning to Figure 5, printer 1 0 preferably in- 
cludes pre-fire receptacles 42a and 42b, wipers 44a and 
44b and ink cleaning mechanism 45. Ink cleaning mech- 
anism 45 is disposed at home location 46 and comprises 
a rotary pump (not shown) and print head connection 
caps 47a and 47b. Print head connection caps 47a and 
47b connect to print heads of cartridges installed in car- 



tridge receptacles 37a and 37b, respectively during 
print head cleaning and at other times, such as when 
printer 1 0 is powered off, so as to protect the print heads. 
[0133] Line feed motor 34 drives the rotary pump of 
5 ink cleaning mechanism 45 so as to suction excess ink 
from a print head connected to either of print head con- 
nection caps 47a and 47b. Preferably, ink can be suc- 
tioned from one cartridge at a time. 
[0134] Wipers 44a and 44b can comprise blades or 
10 the like which are driven by carriage motor 39 to wipe 
excess ink from cartridge print heads. Specifically, wip- 
ers 44a and 44b are lifted to contact a print head after 
a predetermined condition has occurred. For example, 
wipers 44a and 44b can be lifted after a predetermined 
*5 number of dots have been printed by a print head. 
[01 35] Figure 5A shows the interoperation of line feed 
motor 34 and of carriage motor 39 for the operation of 
the automatic feeder rollers 32 and the ink cleaning 
mechanism 45. Specifically referring to Figure 5A, the 

20 line feed motor 34 operates line feed roller 165 through 
gears 160, 161 and 162. Clutch unit 140 is driven by line 
feed roller 165 through gears 150 and 151. Clutch unit 
140 and control rod 141 operate in cooperation with line 
feed motor 34 and carriage motor 39 to position clutch 

2S unit 1 40 in one of several positions corresponding to ei- 
ther: (1) a neutral position for normal printing; (2) a po- 
sition for operation of the automatic feeder; or (3) a po- 
sition for operation of the ink cleaning mechanism. 
[0136] As shown in Figure 5A, carriage motor 39 

30 drives belt 40 to move cartridge receptacle 37b in a lin- 
ear motion along carriage 41 . The movement of car- 
tridge receptacle 37b past the home position 46 towards 
the right end of carriage 41 allows cartridge receptacle 
37b to translate control rod 1 41 away from clutch unit 

35 140 so as to disengage the pin-shaped end of control 
rod 141 from clutch unit 140. Line feed motor 34 is then 
turned for a limited rotation in a given direction to re- 
engage clutch unit 140 in a new position so as to drive 
either the automatic feed rollers 32 or the ink cleaning 

40 mechanism 45. 

[0137] Figure 5B provides a more detailed view of 
clutch unit 140 and the surrounding gears provided for 
the operation of automatic feeder rollers 32 or for the 
operation of ink cleaning mechanism 45. Specifically, 

45 clutch unit 140 consists of two separate and mutually 
exclusive slots, 145 and 146, for the engagement of the 
pin-shaped end of control rod 1 41 , gear 147 for rotation 
by line feed roller 165 through gears 150 and 151 : and 
gear 1 48 for rotation by gear 1 47. Gear 1 48 is the driving 

50 gear of clutch unit 1 40 and either spins freely in the neu- 
tral position, or is engaged with input gear 152 when 
driving the purge pump (not shown) in ink cleaning 
mechanism 45 or is engaged with gear 1 53 when driving 
automatic feeder rollers 32. 

55 [01 38] During neutral operation of clutch unit 1 40, slot 
145 of clutch unit 140 is engaged by control rod 141. In 
this position, gear 148 is disengaged from both of gears 
152 and 153, thereby preventing the operation of ink 
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cleaning mechanism 45 and automatic feeder rollers 32. 
During operation of ink cleaning mechanism 45, slot 1 46 
of clutch unit 1 40 is engaged by control rod 1 41 , thereby 
biasing gear 148 to engage with input gear 152. Input 
gear 152 thereupon operates ink cleaning mechanism 5 

45 to remove excess ink from the print heads. During 
operation of automatic feeder rollers 32, control rod 141 
is positioned directly on front plate 1 67 of clutch unit 1 40, 
thereby biasing gear 1 48 to engage with gear 1 53 so as 
to drive automatic feeder rollers 32 via gears 153 
through 156. 

[0139] Figure 5C provides the detailed steps for en- 
gaging clutch unit 1 40 so as to operate automatic feeder 
rollers 32. As shown in Figure 5C, the first step S501 
consists of disengaging clutch unit 140. This is per- 
formed by moving the carriage receptacle 37b past 
home position 46 so as to disengage control rod 141 
from clutch unit 1 40. Next, step S502 consists of moving 
line feed motor 34 in the forward direction so as to en- 
gage gear 1 48 of clutch unit 1 40 with gear 1 53 for driving 
automatic feeder rollers 32 via gears 153 through 156. 
In step S503, cartridge receptacle 37b is moved to the 
left of home position 46 so as to allow control spring 1 42 
to bias control rod 141 against front plate 167 of clutch 
unit 140. In stop S504, line feed motor 34 is then oper- 
ated in forward, thereby causing the rotation of automat- 
ic feeder rollers 32. Line feed motor 34 is then operated 
in the reverse direction in step S506 so as to align neu- 
tral slot 1 45 of clutch unit 1 40 with control rod 141, there- 
by disengaging automatic feeder rollers 32 from line 
feed motor 34. Control rod 141 is then biased by spring 
142 (step S507) to engage neutral slot 145 so as to re- 
turn clutch unit 140 to a neutral position. 
[0140] Figure 5D provides the detailed steps for en- 
gaging clutch unit 140 so as to operate ink cleaning 
mechanism 45. As shown in Figure 5D, step S551 con- 
sists of disengaging clutch unit 140. This is performed 
by moving carriage receptacle 37b past home position 

46 so as to disengage control rod 141 from clutch unit 
1 40. Next, step S552 consists of moving line feed motor 
34 in the reverse direction to align slot 146 of clutch unit 
140 with control rod 141, thereby engaging gear 148 of 
clutch unit 1 40 with input gear 1 52 for driving ink clean- 
ing mechanism 45. Step S553 then comprises moving 
cartridge receptacle 37b to the left of home position 46 
so as to allow control spring 142 to bias control rod 141 
for engagement with slot 146 of clutch unit 140. In step 
S554, line feed motor 34 is then operated in the reverse 
position for one-quarter rotation so as to raise print head 
connection caps 47a and 47b for engagement with the 
print heads. In step 5555, line feed motor 34 is operated 
in the reverse position for one-half rotation so as to drive 
the rotary pump of ink cleaning mechanism 45 to re- 
move excess ink from the print heads. Print head con- 
nection caps 47a and 47b are then lowered in step S556 
by operating line feed motor 34 in the reverse position 
for one-quarter rotation. Clutch unit 140 is returned to 
the neutral position in step S557 by moving cartridge 



receptacle 37b past home position 46 to disengage con- 
trol pin 141 from clutch unit 140. Line feed motor 34 is 
then operated in the forward direction in S558 so as to 
align neutral slot 145 of clutch unit 140 with control rod 
141 . Cartridge receptacle 37b is then moved to the left 
of home position 46 in step S559, thereby allowing con- 
trol rod 1 41 to engage slot 1 45 so as to return clutch unit 
140 to a neutral position. 

1.2 Cleaning 

[0141] Printer 10 includes a manual cleaning function 
which can be activated via its front panel. Specifically, 
manual cleaning is activated by pressing resume button 
26 until printer 10 emits a beep which is two seconds 
long. To indicate that manual cleaning has been activat- 
ed, indicator light 23 blinks. Any medium in the process 
of printing is then ejected from eject port 20. Ink cleaning 
mechanism 45 then cleans, e.g., suctions ink from and 
wipes ink off of, the print heads of ink cartridges stored 
in cartridge receptacles 37a and 37b, and the suctioned 
and wiped ink is stored in a waste ink storage area. 
Thereafter, indicator light 23 stops blinking and is turned 
on if no errors have occurred. In the event that a waste 
ink error has occurred, e.g., the waste ink storage area 
is near capacity, the orange LED will illuminate indicator 
light 23 and printer 10 will emit six beeping sounds. 

1.3 Ink Cartridge 

[0142] The printer described herein can use ink car- 
tridges which include removable ink reservoirs for stor- 
ing different types of ink. 

[0143] Figure 6 shows the configuration of ink car- 
tridge 43a which may be installed within cartridge recep- 
tacle 37a (see Figure 5). Ink cartridge 43b may be con- 
figured identically to ink cartridge 43a. Therefore, for the 
sake of brevity, only ink cartridge 43a is described here- 
in. 

[0144] As shown in Figure 6, ink cartridge 43a com- 
prises print head 51, ink reservoirs 52, and cartridge 
hole 54. At this point, it is noted that the present inven- 
tion can also be used with ink cartridges that do not con- 
tain removable ink reservoirs, but instead store all ink 
internally. 

[0145] Ink reservoirs 52 are removable from ink car- 
tridge 43a and store ink used by printer 10 to print im- 
ages. Specifically, ink reservoirs 52 are inserted within 
cartridge 43a and can be removed by pulling along the 
direction of arrows 56, as shown in Figure 6. Reservoirs 
52 can store color (e.g., cyan, magenta and yellow) ink 
and/or black ink, as described in more detail below. Print 
head 51 includes a plurality of nozzles (not shown) 
which eject ink from ink reservoirs 52 during printing. 
Cartridge hole 54 mates to a pin (not shown) on car- 
tridge receptacle 37a so as to hold ink cartridge 43a in 
place. 

[01 46] In general, printer 1 0 can operate with a variety 
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of different cartridge types. For example, printer 10 can 
use a cartridge which stores dye-based black ink and 
which has a print head with 128 nozzles extending in 
the vertical direction. An example of such a cartridge is 
a Canon BC-20 cartridge. A similar type cartridge may s 
also be used which stores pigment black ink. An exam- 
ple of such a cartridge is a Canon BC-23 cartridge. In 
this regard, generally speaking, dye-based black ink has 
high penetration characteristics relative to a recording 
medium. On the other hand, pigment-based black ink 10 
generally has low penetration characteristics (and in 
some cases no penetration) relative to a recording me- 
dium. 

[0147] Printer 10 can also operate with color ink car- 
tridges. For example, printer 10 can operate with an ink is 
cartridge which stores cyan, magenta, yellow and black 
inks, and which includes 136 nozzles extending in the 
vertical direction. In such a cartridge, 24 nozzles print 
with cyan ink, 24 nozzles print with magenta ink, 24 noz- 
zles print with yellow ink, and 64 nozzles print with black 20 
ink. An example of such a cartridge is a Canon BC-21 
(e) cartridge. 

[0148] Still another example of an ink cartridge that 
may be used with printer 10 stores reduced optical den- 
sity (e.g., "photo") ink, and includes 136 nozzles ar- 2s 
ranged in the vertical direction. Such a cartridge also 
has the same nozzle configuration as the color cartridge 
described above. An example of such a cartridge is a 
Canon BC-22 cartridge 

30 

1.4 Print Head Structure 

[01 49] With regard to the physical construction of the 
print heads of cartridges that may be used with an em- 
bodiment of the present invention, Figure 7 shows a 35 
close-up, face-on view of nozzle configurations for a 
case in which printer 10 includes print head 61 having 
128 nozzles and arranged near-vertical, with each noz- 
zle closely spaced to adjacent nozzles. Such an ar- 
rangement is preferred for single color (such as black) 40 
printing. The nozzles are preferably arranged at a slight 
oblique slant so that as the print head is moved across 
the recording medium, it is possible to fire the nozzles 
in rapid succession, rather than all at once, so as to print 
a vertical line. The power and control requirements for 
firing nozzles in rapid succession are significantly re- 
duced relative to those for firing all at once. One prefer- 
able arrangement of slant angle would correspond to a 
one pixel horizontal change for every 16 vertical noz- 
zles, at 360 dpi resolution. so 
[01 50] Print head 62 has 1 36 nozzles, with 24 nozzles 
preferably for yellow ink, 24 nozzles preferably for ma- 
genta ink, 24 nozzles preferably for cyan ink, and 64 
nozzles preferably for black ink, arranged at a slight 
slant angle to vertical, one on top of another. Each color ss 
group of nozzles is separated from an adjacent group 
by a vertical gap corresponding to 8 nozzles. The slight 
slant angle is, again, arranged to provide one pixel of 



horizontal change for every 16 vertical nozzles, at 360 
dpi. 

1 .5 Print Modes 

[0151] During its operation, printer 10 includes differ- 
ent modes which may be set via commands issued to 
printer 10 by host processor 2 (see Figure 1). In these 
modes, cartridges installed in printer 10 may eject dif- 
ferent-sized ink droplets to form images having different 
resolutions. Whether certain modes of printer 10 are 
available depends, in part, on the type of cartridge in- 
stalled in printer 10. That is, print heads on some types 
of cartridges are capable of ejecting different-sized 
droplets, e.g. : large or small ink droplets, whereas print 
heads on other types of cartridges are capable of eject- 
ing droplets having a single size. 
[01 52] As noted above, different ink droplet sizes are 
used during different printer operational modes to form 
images having different resolutions. More specifically, 
ink jet printers create images by forming dots on a page. 
The resolution of a formed image corresponds in part to 
the number of dots formed and in part to the arrange- 
ment in which those dots are formed. In the printer of 
the present invention, images can be formed at a variety 
of different resolutions using either the large or small ink 
droplets described above. 

[0153] At this point, it is noted that dot allocation and 
arrangement during printing is limited, in part, based up- 
on the type of paper used during printing. Specifically, 
plain paper can absorb approximately a maximum of 
four small droplets in a 360 dpi pixel, whereas high res- 
olution (hereinafter U HR-1 01 ") paper can absorb a max- 
imum of 6 small droplets in a 360 dpi pixel. 

2.0 Electrical 

[0154] As described in section 1.0 above, printer 10 
may use multiple print heads in different combinations, 
such as black-black, black-color, color-color, or color- 
photo, so that several print modes may be executed at 
different resolutions (e.g., 180 dpi, 360 dpi, 720 dpi). 
Further, print head combinations may be changed for 
different print modes, such as text, text and color, color 
and high quality color. As a result, printing tasks for the 
different modes require complex operations that vary 
based on the print head combination, recording media 
and print quality. In the information processing system 
of Figure 1, printer parameters relating to print head con- 
figuration, print head alignment, etc. are stored in printer 
10 and sent to host processor 2 based on data obtained 
by printer 10. Preferably, a printer driver in host proces- 
sor 2 performs the complex processing of print data and 
printer set up for the various print modes and sends dic- 
tated command sequences to the printer that simplify 
printing execution. 
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2.1 System Architecture 

[0155] Figure 8 is a block diagram showing the inter- 
nal structures of host processor 2 and printer 10. In Fig- 
ure 8, host processor 2 includes a central processing 
unit 70 such as a programmable microprocessor inter- 
faced to computer bus 71 . Also coupled to computer bus 
71 are display interface 72 for interfacing to display 4, 
printer interface 74 for interfacing to printer 10 through 
bi-directional communication line 76, floppy disk inter- 
face 9 for interfacing to floppy disk 77, keyboard inter- 
face 79 for interfacing to keyboard 5, and pointing device 
interface 80 for interfacing to pointing device 6. Disk 8 
includes an operating system section for storing oper- 
ating system 81, an applications section for storing ap- 
plications 82, and a printer driver section for storing 
printer driver 84. 

[0156] A random access main memory (hereinafter 
"RAM") 86 interfaces to computer bus 71 to provide 
CPU 70 with access to memory storage. In particular, 
when executing stored application program instruction 
sequences such as those associated with application 
programs stored in applications section 82 of disk 8, 
CPU 70 loads those application instruction sequences 
from disk 8 (or other storage media such as media ac- 
cessed via a network or floppy disk interface 9) into ran- 
dom access memory (hereinafter "RAM") 86 and exe- 
cutes those stored program instruction sequences out 
of RAM 86. RAM 86 provides for a print data buffer used 
by printer driver 84 according to the invention, as de- 
scribed more fully hereinbelow. It should also be recog- 
nized that standard disk-swapping techniques available 
under the windowing operating system allow segments 
of memory, including the aforementioned print data buff- 
er, to be swapped on and off of disk 8. Read only mem- 
ory (hereinafter "ROM") 87 in host processor 2 stores 
invariant instruction sequences : such as start-up in- 
struction sequences or basic input/output operating sys- 
tem (BIOS) sequences for operation o1 keyboard 5. 
[0157] As shown in Figure 8, and as previously men- 
tioned, disk 8 stores program instruction sequences for 
a windowing operating system and for various applica- 
tion programs such as graphics application programs, 
drawing application programs, desktop publishing appli- 
cation programs, and the like. In addition, disk 8 also 
stores color image files such as might be displayed by 
display 4 or printed by printer 1 0 under control of a des- 
ignated application program. Disk 8 also stores a color 
monitor driver in other drivers section 89 which controls 
how multi-level RGB color primary values are provided 
to display interface 72. Printer driver 84 controls printer 
10 for both black and color printing and supplies print 
data for print out according to the configuration of printer 
10. Print data is transferred to printer 10, and control 
signals are exchanged between host processor 2 and 
printer 10, through printer interface 74 connected to line 
76 under control of printer driver 84. Other device drivers 
are also stored on disk 8, for providing appropriate sig- 



nals to various devices, such as network devices, fac- 
simile devices, and the like, connected to host processor 

2. 

[0158] Ordinarily, application programs and drivers 
s stored on disk 8 need first to be installed by the user 
onto disk 8 from other computer-readable media on 
which those programs and drivers are initially stored. 
For example, it is customary for a user to purchase a 
floppy disk, or other computer-readable media such as 
w CD-ROM, on which a copy of a printer driver is stored. 
The user would then install the printer driver onto disk 
8 through well-known techniques by which the printer 
driver is copied onto disk 8. At the same time, it is also 
possible for the user, via a modem interface (not shown) 
is or via a network (not shown), to download a printer driv- 
er, such as by downloading from a file server or from a 
computerized bulletin board. 

[01 59] Referring again to Figure 8, printer 1 0 includes 
a circuit board 35 on which are mounted CPU 91 such 

20 as an 8-bit or a 16-bit microprocessor including pro- 
grammable timer and interrupt controller, ROM 92, con- 
trol logic 94, and I/O ports unit 96 connected to bus 97. 
Also connected to control logic 94 is RAM 99. Control 
logic 94 includes controllers for line feed motor 34, for 

2S print image buffer storage in RAM 99, for heat pulse gen- 
eration, and for head data. Control logic 94 also provides 
control signals for nozzles in print heads 100a and 100b 
of print engine 101, carriage motor 39, line feed motor 
34, and print data for print heads 100a and 100b, and 

30 receives information from print engine 1 01 for alignment 
of print heads 100a and 100b through I/O ports unit 96. 
EEPROM 102 is connected to I/O ports unit 96 to pro- 
vide non-volatile memory for printer information such as 
print head configuration and print head alignment pa- 
ss rameters. EEPROM 102 also stores parameters that 
identify the printer, the driver, the print heads, alignment 
of the print heads, the status of ink in the cartridges, etc., 
which are sent to printer driver 84 of host processor 2 
to inform host processor 2 of the operational parameters 

40 of printer 10. 

[0160] I/O ports unit 96 is coupled to print engine 101 
in which a pair of print heads 100a and 100b (which 
would be stored in cartridge receptacles 37a and 37b, 
respectively) perform recording on a recording medium 

45 by scanning across the recording medium while printing 
using print data from a print buffer in RAM 99. Control 
logic 94 is also coupled to printer interface 74 of host 
processor 2 via communication line 76 for exchange of 
control signals and to receive print data and print data 

so addresses. ROM 92 stores font data, program instruc- 
tion sequences used to control printer 10, and other in- 
variant data for printer operation. RAM 99 stores print 
data in a print buffer defined by printer driver 84 for print 
heads 100a and 100b and other information for printer 

SS operation. 

[0161] Print heads 100a and 100b of print engine 101 
correspond to ink cartridges that are stored in cartridge 
receptacles 37a and 37b, respectively. Sensors, gener- 
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ally indicated as 103, are arranged in print engine 101 
to detect printer status and to measure temperature and 
other quantities that affect printing. In particular, a tem- 
perature sensor 103a which is mounted on circuit board 
35, measures ambient environmental temperature. A 
low precision thermistor, which measures temperature 
to within plus or minus three degrees Celsius is suitable 
tor temperature sensor 103a. A photo sensor (e.g., an 
automatic alignment sensor) in cartridge receptacles 
37a and/or 37b measures print density and dot locations 
for automatic alignment. Sensors 103 are also arranged 
in print engine 101 to detect other conditions such as 
the open or closed status of access door 12, presence 
of recording media, etc. In addition, diode sensors, in- 
cluding a thermistor, are located in print heads 1 00a and 
1 00b to measure print head temperature, which is trans- 
mitted to I/O ports unit 96. 

[0162] I/O ports unit 96 also receives input from 
switches 104 such as power button 24 and resume but- 
ton 26 and delivers control signals to LEDs 105 to light 
indicator light 23, to buzzer 106, and to line feed motor 
34 and carriage motor 39 through line feed motor driver 
34a and carriage motor driver 39a, respectively As de- 
scribed above, buzzer 106 may comprise a speaker. 
[0163] Although Figure 8 shows individual compo- 
nents of printer 1 0 as separate and distinct from one an- 
other, it is preferable that some of the components be 
combined. For example, control logic 94 may be com- 
bined with I/O ports 96 in an ASIC to simplify intercon- 
nections for the functions of printer 10. 

2.2 System Function 

[01 64] Figure 9 shows a high-level functional block di- 
agram that illustrates the interaction between host proc- 
essor 2 and printer 10. As illustrated in Figure 9, when 
a print instruction is issued from image processing ap- 
plication program 82a stored in application section 82 
of disk 8, operating system 81 issues graphics device 
interface calls to printer driver 84. Printer driver 84 re- 
sponds by generating print data corresponding to the 
print instruction and stores the print data in print data 
store 107. Print data store 107 may reside in RAM 86 
or in disk 8 : or through disk swapping operations of op- 
erating system 81 may initially be stored in RAM 86 and 
swapped in and out of disk 8. Thereafter, printer driver 
84 obtains print data from print data store 107 and trans- 
mits the print data through printer interface 74, to bi-di- 
rectional communication line 76, and to print buffer 109 
through printer control 110. Print buffer 109 resides in 
RAM 99, and printer control 110 resides in firmware im- 
plemented through control logic 94 and CPU 91 of Fig- 
ure 8. Printer control 1 1 0 processes the print data in print 
buffer 109 responsive to commands received from host 
processor 2 and performs printing tasks under control 
of instructions stored in ROM 92 (see Figure 8) to pro- 
vide appropriate print head and other control signals to 
print engine 101 for recording images onto recording 



media. 

[0165] Print buffer 109 has a first section for storing 
print data to be printed by one of print heads 100a and 
100b, and a second section for storing print data to be 

s printed by the other one of print heads 100a and 100b. 
Each print buffer section has storage locations corre- 
sponding to the number of print positions of the associ- 
ated print head. These storage locations are defined by 
printer driver 84 according to a resolution selected for 

io printing. Each print buffer section also includes addition- 
al storage locations for transfer of print data during 
ramp-up of print heads 1 00a and 1 00b to printing speed. 
Print data is transferred from print data store 1 07 in host 
processor 2 to storage locations of print buffer 109 that 

is are addressed by printer driver 84. As a result, print data 
for a next scan may be inserted into vacant storage lo- 
cations in print buffer 109 both during ramp up and dur- 
ing printing of a current scan. 

20 2.3 Control Logic 

[0166] Figure 10 depicts a block diagram of control 
logic 94 and I/O ports unit 96 from Figure 8. As men- 
tioned above, I/O ports unit 96 may be, alternatively, in- 

2S eluded within control logic 94. tn Figure 10, internal bus 
112 is connected to printer bus 97 for communication 
with printer CPU 91. Bus 112 is coupled to host compu- 
ter interface 113 which is connected to bi-directional line 
76 for carrying out bi-directional such as IEEE-1 284 pro- 

30 tocol communication. Accordingly, bi-directional com- 
munication line 76 is also coupled to printer interface 74 
of host processor 2. Host computer interface 1 1 3 is con- 
nected to bus 112 and to DRAM bus arbiter/controller 
115 for controlling RAM 99 which includes print buffer 

35 109 (see Figures 8 and 9). Data decompressor 116 is 
connected between bus 1 1 2 and DRAM bus arbiter/con- 
troller 115 to decompress print data when processing. 
Also coupled to bus 112 are line feed motor controller 
117 that is connected to line feed motor driver 34a of 
Figure 8, image buffer controller 118 which provides se- 
rial control signals and head data signals for each of 
print heads 100a and 100b, and heat pulse generator 
119 which provides block control signals and analog 
heat pulses for each of print heads 1 00a and 1 00b. Car- 

4 $ riage motor control is performed by CPU 91 through 1/ 
O ports unit 96 and carriage motor driver 39a since line 
feed motor 34 and carriage motor 39 may operate con- 
currently. 

[0167] Control logic 94 operates to receive com- 
50 mands from host processor 2 for use in CPU 91 , and to 
send printer status and other response signals to host 
processor 2 through host computer interface 1 1 3 and bi- 
directional communication lino 76. Print data and print 
buffer memory addresses for print data received from 
55 host processor 2 are sent to print buffer 109 in RAM 99 
via DRAM bus arbiter/controller 115, and the addressed 
print data from print buffer 109 is transferred through 
controller 115 to print engine 101 for printing by print 
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heads 100a and 100b. In this regard, heat pulse gener- 
ator 1 1 9 generates analog heat pulses required for print- 
ing the print data. 

[0168] Figure 11 shows the memory architecture for 
printer 10. As shown in Figure 11, EEPROM 102, RAM 
99, ROM 92 and temporary storage 1 21 for control logic 
94 form a memory structure with a single addressing ar- 
rangement. Referring to Figure 11, EEPROM 102, 
shown as non-volatile memory section 1 23, stores a set 
of parameters that are used by host processor 2 and 
that identify printer and print heads, print head status, 
print head alignment, and other print head characteris- 
tics. EEPROM 102 also stores another set of parame- 
ters, such as clean time, auto-alignment sensor data, 
etc., which are used by printer 10. ROM 92, shown as 
memory section 1 24, stores information for printer op- 
eration that is invariant, such as program sequences for 
printer tasks and print head operation temperature ta- 
bles that are used to control the generation of nozzle 
heat pulses, elc. A random access memory section 121 
stores temporary operational information for control log- 
ic 94, and memory section 126 corresponding to RAM 
99 includes storage for variable operational data for 
printer tasks and print buffer 109. 

2.4 General Operation 

[01 69] Figure 1 2 is a flowchart illustrating the general 
operation of the information processing system shown 
in the block diagram of Figure 8. After power is turned 
on in printer 1 0 in step S1 201 of Figure 1 2, printer 1 0 is 
initialized in step S1202. In the initialization, as dis- 
cussed in greater detail in section 3.2 below, CPU 91, 
control logic 94 and a system timer are set to an initial 
state. In addition, ROM 92, RAM 99 and EEPROM 102 
of printer 10 are checked and interrupt request levels in 
CPU 91 are assigned on application of power to printer 
10. When printer 10 is set to its on state, EEPROM 102 
is read by printer driver 84, controller tasks are started 
by printer CPU 91 such as resetting the printer, deter- 
mining if print head cleaning should be performed based 
on the system timer, etc. Also in the initialization process 
of step S1202, a data compression mode is selected, 
heat pulses for print heads 100a and 100b are defined, 
buffer control is defined, print buffer 109 is cleared, and 
messages are displayed indicating the status of printer 
10. 

[0170] Next, step S1203 is performed. In step S1203, 
printer driver 84 calculates printer parameters from data 
obtained by printer CPU 91 based on printer measure- 
ments related to head configuration and alignment if it 
is determined that the print head configuration has 
changed. The alignment system is described more fully 
in U.S. Patent Application No. 08/901 ,560, entitled "Au- 
to-Alignment System For A Printing Device", filed on Ju- 
ly 28, 1997, which is incorporated herein by reference. 
[0171] Following step S1203, processing proceeds to 
step S1204, in which it is determined if printer 10 is on- 



line. Once it is determined that printer 10 is on-line, 
processing proceeds to step S1205, in which the calcu- 
lated printer parameters are registered in printer EEP- 
ROM 102. 

s [0172] Specifically, when printer 10 is determined to 
be on-line, the printer parameters stored in the EEP- 
ROM 102 are registered by printer driver 84 in step 
S1205. The parameters are used to control printer and 
print head operation. In step S1205, the parameters are 

10 sent by CPU 91 for storage in host processor 2 so that 
printer driver 84 can generate appropriate commands 
for printer operation. Such commands are indicated in 
the steps of the dashed box of Figure 1 2 and take into 
account the current identification of printer 10, the print 

15 head configuration, print head alignment and cartridge 
ink status. 

[01 73] After registration of the printer parameter infor- 
mation in step Si 205, the status of each of print head 
cartridges 43a and 43b (see Figure 5) is checked in step 

20 S1206. This is done by ascertaining whether access 
door 12 has been opened and closed and detecting 
whether one or more of the ink cartridges or ink reser- 
voirs has been changed. If a cartridge or reservoir has 
been changed, a cleaning operation is performed on the 

25 corresponding print head, in which the nozzles of the 
print head are cleaned. 

[0174] Following the cartridge change processing 
performed in step S1206, processing proceeds to step 
S1207. In step S1207 : it is determined whether an in- 

30 terrupt has been requested by printer 10 for operations 
such as print head heater control, automatic sheet feed 
(ASF) control, head cleaning control, and the like. In re- 
sponse to such an interrupt request, the requested print- 
er operation is performed in step S1208. Thereafter, 

3S processing returns to step S1206. 

[0175] If an interrupt has not been requested by the 
printer in step S1207, processing proceeds to step 
S1209. In step S1209, it is determined if printer driver 
84 has requested a command sequence. In the system 

40 of Figure 8, tasks of printer 10 are controlled by com- 
mands from printer driver 84 which have been generat- 
ed in accordance with parameter and status information 
received from printer 10. 

[0176] When a user interface sequence is selected, 
45 step SI 21 3 is entered and user interface processing is 
performed. Upon completion of user selections by 
means of keyboard and pointer entry on the user inter- 
face display, control is returned to step S1209 and is 
directed to use print command sequence step S1210. 
so [0177] If a print sequence is selected in step S1209, 
processing proceeds to step S1210. In step S1210, 
printer driver 84 generates a sequence of commands 
based on print head configuration, print head alignment, 
media type and size and target image information stored 
55 therein. These commands are sent to printer control 110 
(see Figure 9) in printer 10. In the printer, printer control 
110 receives the commands and the firmware from print- 
er ROM 92 and causes execution of command tasks in 
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print engine 101 . 

[0178] The print command sequence includes trans- 
ferring print data from print driver 84 to print buffer 109 
which is defined for each print job. The print data transfer 
is performed without a receiving buffer in printer 10. Print 
data for a next scan is sent to empty storage locations 
of the current scan in print buffer 109 during ramp-up of 
the print heads in the current scan. 
[0179] The command sequence of step SI 210 in- 
cludes commands to set print resolution of print heads 
100a and 100b. These commands are set by controlling 
the size of ink droplets based on digital data stored in a 
print buffer for a print head and the order in which the 
print data is read out of the print buffer for the print head. 
Preferably, resolution of the print heads can be control- 
led independently of each other. For ink jet type print 
heads which eject ink droplets based on digital data 
stored in a print buffer, resolution is controlled by con- 
trolling ink droplet size and by controlling readout order 
from the print buffer, with droplet size and readout order 
preferably being controlled independently for each print 
head. 

[01 80] Further in the print command sequence of step 
S1210, printer driver 84 selects the type of ink that is to 
be used in printing a target pixel based on an analysis 
multi-level image data of adjacent pixels. As an exam- 
ple, a dye-based ink may be selected for a black target 
pixel surrounded by color pixels in an image while a pig- 
ment-based ink may be selected for a black target pixel 
surrounded by black pixels. 

[0181] Upon completion of printing one page, flow 
proceeds to step S1211 of Figure 12, wherein the page 
is output from printer 10 responsive to a paper eject 
command. 

[0182] Figure 13 is a flowchart that illustrates a com- 
mand sequence generated by printer driver 84 for print- 
ing and operating printer 10. The command sequence 
in Figure 1 3 is simplified to provide a general framework 
for describing operation of printer 10. A more detailed 
command sequence which includes, for example, auto- 
matic sheet feed control according to the invention is 
described in section 4.0 with respect to Figure 20. 
[0183] Returning to Figure 13, the print command se- 
quence is started by a printer initialization command in 
step SI 301, which is sent to printer control 110 to reset 
printer operation. A paper load command (step SI 302) 
is then provided to printer control 110, which selects a 
load paper operation in selection step S1 303 and exe- 
cutes a start paper load (step S1304). When a paper 
load end is detected in printer control 110 in step S1305, 
a signal indicating end paper load is sent to printer driver 
84, and the print data is prepared for a first scan of print 
heads 100a and 100b in step S1306. Printer control 110 
is notified of this scan preparation. The preparation of 
print data in printer driver 84 is described more fully in 
U.S. Patent Application No. 08/901,719, entitled "Print 
Driver For A Color Printer", filed July 28, 1 997. If no print 
data for the scan is determined in decision step S1 307, 



a virtual skip is performed in printer driver 84 in step 
S1308. Control is returned to step S1307 when a page 
finish is not detected in step S1 309. Until the page finish 
is detected, steps S1 31 0 through S1 31 4 and S 1 308 are 

5 performed. 

[01 84] In step S1 31 0, an actual skip command is pro- 
vided by printer driver 84 to printer control 110 for print- 
ing correct print data. Printer control 110 selects the ac- 
tual skip operation (step S1 303) and executes the actual 

io skip (step S1 315). Scan setting is then performed (step 
S1311) in printer driver 84, and printer control 110 is no- 
tified. Next, print data generated in printer driver 84 and 
print buffer addresses for the print data are transferred 
to printer control 110 which stores this information in 

is print buffer 109 (step S1 312). The next scan is then pre- 
pared in printer driver 84, and printer control 110 is no- 
tified (step S1313). Then, a print command generated 
in printer driver 84 is sent to printer control 110. In re- 
sponse, printer control 110 selects a print operation in 

20 step S1319 and executes the print task in step S1314. 
A virtual skip is then performed by printer driver 84 in 
step S1308 to keep track of the lines of the page being 
printed. When a page finish is determined in decision 
step S1309, a page eject command is sent by printer 

25 driver 84 to printer control 110, which selects a page 
eject operation (step S1 316) and starts page eject (step 

51317) . Upon completion of the page eject (step 

51318) , printer driver 84 is notified of the completion of 
the page eject and control is passed to step S1209 of 

30 Figure 12. 

[0185] An example of the command sequence from 
the host processor 2 to printer 1 0 to print a page in color 
mode with two color print heads is set forth in Table A 
shown in Figure 14. Initially as indicated in Table A, the 

35 current time is set by a [UCT] command and printer 10 
is reset by a [RESET] command. Data compression is 
selected to pack the print data by a [COMPRESS] com- 
mand. The bottom margin size of the printable area is 
selected by a [BTM_MARGIN] command. Print buffers 

40 for print heads 100a and 100b are defined by 
[DEFINE_BUF] commands. The print color table is de- 
fined by a [DEFINE_COLOR] command. The heat pulse 
and buffer control tables are defined for the color mode 
of the print head configuration by [DEFINE_PULSE] and 

45 [DEFINE_CONTROL] commands. 

[0186] After the printer tasks are executedforthefore- 
going initializing commands, a paper load command 
[LOAD] to load a page or other print medium and a raster 
skip command [SKIP] to skip to the print position of the 

50 first print head scan are sent to printer 10, and the print 
direction [DIRECTION] and edges [EDGE] for printing 
of print heads 100a and 100b are set for the first scan. 
A loop of commands is then sent to control printer tasks 
for printing the lines of the page. In the first portion of 

55 the loop for each line, the scanning parameters 
([SPEED], [SIZE], [SELECT-PULSE] and [SELECT- 
CONTROL]) for the line are set. Following completion 
of the printer tasks for the select buffer control table 
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commands [SELECT_CONTROL], the print data blocks 
are selected by the (BLOCK] command, and the print 
colors are selected and transmitted by repeated select 
color [COLOR] and data transmission [DATA] com- 
mands according to the determined print areas for print 
heads 100a and 100b. 

[0187] The direction of the second scan and the left 
and right edges of the print areas for the second scan 
are then set by the [DIRECTION] and [EDGE] com- 
mands. The backward direction scan margin for the next 
scan is set by a [SCAN_MARGIN] command. The auto- 
trigger delay for the present scan is set by an 
[AT_DELAY] command. At this time, a [PRINT] com- 
mand is transferred from host processor 2 to printer 10 
to execute printing for the first scan, and a [SKIP] com- 
mand is sent to skip to the print position of the second 
scan. When the last line has been printed, a paper eject 
command [EJECT] is given to printer 10 to execute pa- 
per ejection. 

[01 88] As can be seen from the command sequences 
for set scan operations and the example of the printing 
operations according to the invention, each aspect of 
printer operation, such as scan setting or printing, is con- 
trolled by printer driver 84 taking into account print head 
configuration and the print mode. The tasks to be per- 
formed by printer 10 are thereby defined in detail by 
printer driver 64 so that the printer architecture is sub- 
stantially simplified to be less costly. 
[0189] Returning to Figure 12, when a printer status 
request is determined in step S1209, flow proceeds to 
step S1212. In step S1212, a printer status command 
sequence is performed. The status commands that pro- 
vide requests for printer status information are de- 
scribed in detail in section 3.6. In general, each of the 
status commands is sent from host processor 2 to print- 
er 10 to request the information on printer operation or 
information stored in printer 10. For example, a base 
status command [BASE-STATUS] requests the current 
status of the printer. In response, printer 10 returns one 
data byte indicating one of the following: printing status, 
whether print buffer 109 can or cannot receive data, 
whether printer 10 is busy performing start-up, cartridge 
replacement, print head cleaning, test printing, etc., and 
whether an error or alarm has been detected. A [HEAD] 
command requests return of print head configuration, 
and a [DATA_SEND] command requests return of EEP- 
ROM data to host processor 2. After return of the re- 
quested data in step S1212, control is returned to step 
S1206. 

3.0 Architecture of Printer Software 

[0190] Control over functionality of printer 10 is effect- 
ed by individual programs executing on CPU 91. The 
individual programs include initialization routines such 
as routines executed on power-on, tasks to interpret 
commands received from host processor 2, interrupt 
handlers such as handlers to process real time hard- 



ware interrupts, and cyclic handlers that handle cyclic 
processes such as handlers for control over bi-direction- 
al communications with host processor 2. 
[0191] Printer CPU 91 further executes an operating 

5 system so as to coordinate execution of each of the in- 
dividual programs (i.e., the initialization routines, the 
tasks, the interrupt handlers, and the cyclic handlers). 
The operating system is responsible for inter-program 
communication through messaging and the like, and in- 

10 ter-program switching so as to switch execution from 
one program to another when appropriate. Details of the 
operating system follow. 

3.1 Operating System 

15 

[0192] The operating system is a real-time operating 
system (or "kerner or "monitor") created to modularize 
printer control programs and to facilitate maintenance, 
inheritance, and expansion. The real-time operating 

20 system is system software that provides for a preemp- 
tive multi-task software environment, in which a current- 
ly executing program can be suspended in favor of a 
switch to another program with a higher priority. 
[0193] The operating system allows for four different 

2S types of programs, each of which is executed by the op- 
erating system in accordance with its specific type. The 
types are initialization routines, tasks, interrupt han- 
dlers, and cyclic handlers. Initialization routines are rou- 
tines scheduled by the operating system immediately af- 

30 ter printer 10 is reset but after the operating system in- 
itializes itself. Tasks are ordinary programs (sometimes 
called "execution units") of continuous processing that 
are executed sequentially. Thus, tasks are one or more 
sequences of instructions handled by the operating sys- 

35 tern as units of work executed by CPU 91 in a multiple- 
programming or multiple-processing environment. An il- 
lusion of concurrent processing is created by the oper- 
ating system by scheduling processing in individual task 
units. 

40 [0194] An interrupt handler is a (usually short) pro- 
gram unit that is activated by the operating system im- 
mediately upon receipt ol a hardware interrupt. Cyclic 
handlers are similarto interrupt handlers, but ratherthan 
being activated by a hardware interrupt, cyclic handlers 

45 are activated by a timer interrupt of the operating sys- 
tem. 

[0195] When printer 10 is reset, execution of the op- 
erating system is the first software executed by CPU 91 . 
CPU registers are set according to predefined require- 
50 ments, and then user-defined initialization routines are 
executed if any exist. Thereafter, control reverts to the 
operating system, which activates each of the tasks in 
the system. One such task is a start task. After the start 
task begins, the operating system is activated each time 
55 a system call is issued or an interrupt occurs. After ex- 
ecuting the system call, or handling the interrupt, exe- 
cution reverts back to the operating system, which 
schedules tasks so as to execute the executable task 
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with the highest priority. 

[0196] Scheduling of tasks involves a determination 
of which task is executed if there are several tasks cur- 
rently eligible for execution. Tasks are scheduled ac- 
cording to an assigned priority in which a higher priority s 
task is executed before all other lower priority tasks. 
Tasks eligible for execution but not currently being exe- 
cuted because of their lower priority level are placed in 
a ready queue based on their priorities. 
[0197] As each task becomes newly eligible for exe- 10 
cution, it is placed at the end of the ready queue. Sched- 
uling is then performed when returning from a system 
call issued by a task or when returning from interrupt 
processing to a task, both of which can cause new tasks 
to be entered into a queue or can cause a change in is 
priority of tasks already existing in the queue. Schedul- 
ing orders the tasks in the task queue based on each 
task's priority and makes the task with the highest pri- 
ority the currently executable run task. If there are two 
or more tasks in the ready queue of the same priority, 20 
the decision as to which task should be selected is made 
based on which task first entered into the queue. 
[0198] The operating system uses semaphores as 
one basic means of communication between tasks and 
for control or synchronization between tasks. Tasks can 2s 
also communicate and transfer data therebetween us- 
ing messages. Messages are sent to mailboxes by one 
task, and a task that needs to receive the message is- 
sues a receive request to the mailbox so as to obtain 
the message. 30 
[01 99] The operating system further uses event flags 
to synchronize tasks. Any task desiring to be released 
from a wait state based on a certain event can register 
an event flag pattern, upon the occurrence of which the 
operating system will release the task from the wait 35 
state. 

[0200] Interrupt management by the operating sys- 
tem is provided by an interrupt handler and by interrupt 
permission level settings. Time management is provid- 
ed by the operating system's actuation of an interrupt 40 
handler based on the system timer. 
[0201] Cyclic handlers carry out processing at each 
of specified time intervals, based on cyclic handlers reg- 
istered with the operating system. Typically, a cyclic 
handler is a short program that specifies a task that is 4S 
performed at each of specified time intervals. 
[0202] Initialization routines, tasks, interrupt han- 
dlers, and cyclic handlers that are preferred for printer 
10 are described in the following sections. 

so 

3.2 Initialization 

[0203] During power-up, initialization functions are 
performed to initialize printer 10, such as initializing con- 
trol logic 94, checking ROM 92, checking RAM 99, and ss 
checking EEPROM 102. 

[0204] Figures 15 and 16 illustrate a hard power-on 
sequence and a soft power-on sequence, respectively. 



In this regard, it is noted that so long as power is supplied 
to printer 10, CPU 91 is executing software regardless 
of the status of power button 24. Thus, a "hard power- 
on" refers to initial application of power to printer 10. 
Thereafter, user activation of power button 24 simply 
causes a soft power-on or soft power-off. This arrange- 
ment is preferred, since it allows printer 10 to monitor 
ongoing events (such as elapsed time) even when print- 
er 10 is "off". 

[0205] Referring to Figure 15, which shows a hard 
power-on sequence, upon initial application of power, 
step S1501 performs memory checks such as a ROM 
check, a RAM check, and an EEPROM check. Step 
S1502 initializes software tasks, and in step S1503, 
CPU 91 enters an idle loop, awaiting a soft power on 
[0206] Figure 16 indicates the soft power-on se- 
quence. Step S1601 performs mechanical initialization 
of printer engine 101 , such as a reset to the home po- 
sition, step S1602 starts the software control tasks in- 
cluding Centronics communication tasks, and step 
S1603 enters the main processing mode. 
[0207] Figure 17 details a soft power-off sequence. 
Step S1701 terminates all software tasks, and step 
S1702 enters an idle loop during which, in step S1703, 
printer 10 awaits the next soft power-on sequence. 

3.3 Tasks 

[0208] Figure 1 8 illustrates communication according 
to the preferred embodiment of the invention between 
application program 82a and other operations running 
on host processor 2 and various tasks running on printer 
10. In should be noted that the operations and tasks il- 
lustrated in Figure 1 8 are by no means inclusive. Rather, 
Figure 18 provides an overview of the interaction be- 
tween operations and tasks involved in printing. 
[0209] On the host processor side of a print operation, 
application program 82a communicates with graphical 
device interface (GDI) 201 of operating system 81 . GDI 
201 in turn communicates with printer driver 84 and 
spooler 202, which communicates with printer provider 
204 through router 203. Printer provider 204 communi- 
cates with printer 1 0 through language monitor 205, port 
monitor 206, printer (LPT) port 207 and Centronics ca- 
ble 208. The function of each of these elements is now 
described briefly. 

[0210] Application program 82a generates a print job 
in response to user commands, preferably either for an 
image created on host processor 2 or for an image input 
from an unshown image input device such as a scanner. 
This print job is sent to GDI 201, which preferably pro- 
vides a device-independent interface to application pro- 
gram 82a for outputting graphic images. GDI 201 in turn 
converts the print job into printer-specific commands 
through use of printer driver 84. 

[0211] Printer driver 84 performs various functions on 
the print data so as to facilitate printing. These functions 
preferably include input correction 210, color correction 



BNSDOCID: <EP 1 04481 6A2_L> 



16 



31 



EP 1 044 816 A2 



32 



211. output correction 212, binarization and hue/value 
processing 213, pre-fire detection 214. and status- 
based control 215. 

[0212] Input correction 210 preferably includes cor- 
recting print data based on characteristics of an image 
input device, for example scanning characteristics of a 
scanner. Input correction 210 preferably also includes 
gamma correction and conversion from illuminative 
color values such as RGB color values to absorptive 
color values such as CMY or CMYK color values. 
[0213] Color correction 211 preferably includes cor- 
rection for a type of recording medium, human color per- 
ception and lighting under which a printed image is to 
be viewed. Output correction 212 preferably involves 
correction based on ink absorption limitations of a re- 
cording medium, for example by thinning print data. 
[0214] Binarization and hue/value processing 213 
preferably includes selection of different inks and deter- 
mination of corresponding hue and color value data 
based on the inks, as explained in more detail below in 
section 10. Pre-fire detection 214 concerns detection of 
various factors that affect pre-firing of ink jet nozzles so 
as to improve print quality, as explained in more detail 
below in section 9. Status-based control 215 modifies 
printing parameters based on printer status, as ex- 
plained in more detail below in section 7. 
[021 S] Print data typically is generated by application 
program S2a and GDI 201 faster than the data can be 
printed by printer 10. Spooler 202 stores print data from 
GDI 201 in print data store 107. depicted in Figure 18 
as a spool file, as that data is generated. As a result, 
application program 82a can finish sending a print job 
and can continue with other tasks before the print job is 
completely printed. 

[021 6] Router 203 routes print data from spooler 202 
to printer provider 204, which provides a connection to 
printer 10 through language monitor 205, port monitor 
206, LPT port 207, and a bi-directional communication 
line such as Centronics cable 208. Language monitor 
205 monitors the language of the print data, for example 
to determine if the language is supported by the printer. 
Port monitor 206 controls access to LPT port 207. 
[0217] Print data from host processor 2 is processed 
by various tasks running on printer 10. In the preferred 
embodiment of the invention, printer tasks are designed 
to isolate functionality so that each task is responsible 
for a single cohesive aspect of printer control. These 
tasks include Centronics task 220, direct image com- 
mand task 221 , engine task 222, and manager task 223. 
[0218] Centronics task 220 controls communication 
with host processor 2. Characters received from host 
processor 2 are forwarded by GetCharacter operation 
225 to direct image command task 221 . Status, commu- 
nication and command (SCC) information from direct 
image command task 221 is received by SCC analysis 
operation 226. From this SCC information, status infor- 
mation is returned to host processor 2. 
[0219] Direct image command task 221 receives data 



from and sends SCC information to Centronics task 220. 
Data received from Centronics task 220 is analyzed by 
analysis operation 231 If the data is print data, that data 
is sent to image buffer 233 by print data operation 236. 

5 If the data is control data, engine interface command 
operation 237 interprets the control data and sends cor- 
responding commands to engine task 222. 
[0220] Engine task 222 controls actual printing by 
print heads 1 00a and 1 00b of print data read from image 

io buffer 233 : as well as operation of line feed motor driver 
34a and carriage motor driver 39b to feed sheets of re- 
cording media and to purge the recording heads. To this 
end, engine task 222 includes various other tasks, such 
as engine control task 241, engine auto-sheet -feed 

'5 (ASF) and purge task 242, engine line feed task 243, 
and engine carriage task 244. 

[0221] Engine task 222 utilizes cyclic timer 251 for 
controlling cyclic operations, for example as described 
below with reference to Figure 19. Engine ASF and 

20 purge task 242, engine line feed task 243, and engine 
carriage task 244 utilize ASF and purge line feed motor 
handler 252 and carriage motor handler 253 to control 
line feed motor driver 34a and carriage motor driver 39a, 
respectively, to feed sheets of recording media and to 

2S purge print heads 100a and 100b. The sheet feed and 
purging operations are described in more detail above 
with respect to Figures 5C and 5D. 
[0222] Interface and other communications between 
tasks in printer 10 are controlled by manager task 223 

30 and preferably are accomplished through use of un- 
shown mailboxes into which messages and sema- 
phores are placed so as to coordinate message com- 
munication. 



[0223] Although the operating system can accommo- 
date interrupt handlers such as handlers for periodic 
clock interrupts, such cyclic events can also be handled 
40 with cyclic handlers. 

3.5 Cyclic Handlers 

[0224] Cyclic handlers are provided for Centronics 
45 communications task 220 and for engine task 222, as 
shown and described above in connection with Figure 
1 8. In addition, a cyclic handler is provided for controller 
timer operations. 

[0225] Figure 1 9 is a flow diagram illustrating control- 
so |er timer control according to this cyclic handler. As 
shown in Figure 19, upon receipt of a 10 ms interrupt in 
step S1 901 , head protect control (step S1 902) is effect- 
ed in order to pause printing if print head temperatures 
exceed 75 degrees Centigrade, thereby preventing 
55 damage to the print heads. 

[0226] Next, as further shown in Figure 1 9, it is deter- 
mined whether a 50 ms interrupt has been received 
(step S1903) and, if so. control is directed to the 50 ms 
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interrupt logic flow (step S1904) in which a head tem- 
perature calculation (step S1 905) is performed for each 
head based on the amount of head driving pulses ap- 
plied at each head. Calculations are based on pre- 
stored tables in ROM 92 which provide constants for use s 
in calculating temperature increase as well as temper- 
ature decrease based on head firings. 
[0227] The 50 ms interrupt logic further executes 
pulse width modulation control (step S1906) in accord- 
ance with pre-stored tables in ROM 92 so as to set the 10 
setup time, the pre-heat pulse, the interval time, and the 
main-heat pulse for each print nozzle. The pulse param- 
eters are then sent to control logic 94. Next, it is deter- 
mined if a 500 ms interrupt has been received in step 
S1907. The 500 ms interrupt logic flow (step S1908) is 
thereupon initiates meniscus heater control which is 
used under low environmental temperatures and before 
printing in order to maintain good print head temperature 
(step S1909). Next, it is determined if a one second in- 
terrupt has been received in step S1910. The one sec- 20 
ond interrupt logic flow (step S1 911) then updates pre- 
fire timers (step S1912) and then updates real time en- 
vironmental temperature (step S1913). 
[0228] Next, it is determined if a one minute interrupt 
has been received in step S 1 91 4. The one minute inter- 2s 
rupt logic flow (step S1915) initiates an update of the 
long term environmental temperature in step SI 91 6 af- 
ter which control is returned from this sequence in step 
S1917. 

[0229] Itshouldbenotedthateachofthe 10ms, 50ms, 30 
500ms, 1 second and 1 minute durations depicted in 
Figure 19 and discussed herein are merely illustrative 
and may be altered. 

3.6 Commands To And From The Host Processor 35 

[0230] The following summarizes the commands sent 
to and from host processor 2 over bi-directional printer 
interface 74. Generally speaking, each command will in- 
clude one or more parameters, with some commands 40 
(such as the [DATA] image data transmission command) 
also including data. 

[0231] The status request command [STATUS] is a 
generalized command that elicits a response over bi- 
directional interface 74 from printer 10. Through use of 45 
the status request command, host processor 2 can ob- 
tain detailed information concerning printer 10, such as 
the contents of EEPROM 102, alignment and density 
sensor results, and the like. The status request com- 
mand is therefore discussed in considerable detail be- so 
low. 

[0232] In the sections below, a mnemonic for each 
command is shown enclosed by square brackets ("[]"). 
The mnemonics shown below are simply examples. The 
actual sequence and combinations of letters used to ss 
form the command mnemonics is immaterial, so long as 
usage is consistent in the printer side and the host proc- 
essor side such that commands sent by one are under- 



standable to the other. 
3.6.1 Control Commands 

[0233] Control commands serve to control print oper- 
ations of printer 1 0. The following is a description of the 
various control commands. 

[LOAD] - Paper Load 

[0234] The LOAD command causes paper loading, 
but does not eject the recording medium currently load- 
ed. This command must be sent to printer 1 0 even when 
a medium is already loaded manually. The LOAD com- 
mand includes parameters to allow for specification of 
the recording media type and size, and for specification 
of the paper loading mode. The paper loading mode can 
be one of either: (1 ) Auto Sheet Feeder - Normal Feed; 
(2) Auto Sheet Feeder - High Feed; or (3) Manual Feed. 

[EJECT] - Paper Eject 

[0235] This command prints all data remaining in the 
print buffer, then ejects the medium currently loaded. 
This command can provide for various eject speeds. 

[PRINT] - Print Execution 

[0236] The Print Execution command causes the data 
in the print buffer to be printed on a currently-loaded re- 
cording medium. The printing area extends from the left 
edge to the right edge of each print buffer specified by 
the Left and Right parameters of the [EDGE] command 
described below. 

[CARRIAGE] - Carriage Movement 

[0237] The Carriage Movement command includes a 
Position parameter which specifies carriage position in 
units of column position. This command is used for for- 
ward and reverse seeking. 

[SKIP] - Raster Skip 

[0238] The Raster Skip command is used to advance 
the vertical print position by the number of raster lines 
specified by a Skip parameter. A SKIP command with 
an argument of zero is used to instruct printer 1 0 to per- 
form a nozzle-number-change prefire operation. 

[DATA] - Image Data Transmission 

[0239] This command is used to transmit bit image da- 
ta of yellow (Y), magenta (M), cyan (C) or black (Bk or 
K) to printer 1 0 individually in column image format. Mul- 
tiple sequences of this command may be issued to make 
a single scan line. Bit image data is stored into the area 
specified by the block [BLOCK] and color [COLOR] 
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commands described below. Printer 10 will actually start 
printing when the [PRINT] command is received. 

3.6.2 Setting Commands 

[0240] Setting commands specify settings for print op- 
erations performed by printer 10. Once these com- 
mands are set, they are valid until the settings are 
changed by another command. If no settings are pro- 
vided for a page, the settings will be reset to default set- 
tings. Setting commands are described in more detail 
below: 

[RESET] - Printer Reset 

[0241 ] The Mode parameter defines the Printer Reset 
command and specifies the reset mode. Default settings 
are included for data compression flag, buffer size, drop- 
let size, print speed, pulse control tables, buffer control 
tables, and the like. 

[COMPRESS] - Select Data Compression 

[0242] The Mode parameter of the Select Data Com- 
pression command specifies whether the image data is 
compressed or un-compressed : with un-compressed 
being the default setting. 

[BTM_MARGIN] - Select Bottom Margin 

[0243] The Select Bottom Margin command is used 
to specify the bottom margin of the printable area on the 
recordable medium. The margin parameter of this com- 
mand provides for the selection of one of multiple bottom 
margin sizes. 

[DEFINE_BUF] - Define Print Buffer 

[0244] The Define Print Buffer command is used to 
define the memory size and configuration of print buffer 
109, for each of heads A and B in common. 

[DROP] - Select Droplet Size 

[0245] This command is used to specify the ink drop- 
let size (large or small) for each print head. 

[SPEED] - Select Print Speed 

[0246] This command is used to specify the printing 
speed. 

[SPEED_RSKIP] - Select Speed for Raster Skip 

[0247] The Select Speed for Raster Skip command is 
used to specify the raster skip speed of the line feed. 
This command allows for the specification of one of mul- 
tiple allowable raster skip speeds. 



[DIRECTION] - Set Print Direction 

[0246] The Direction parameter of this command 
specifies whether printing will be in the forward direction 
5 (left to right) or the backward direction (right to left). 

[EDGE] - Set Print Edge 

[0249] The Set Print Edge command specifies the left 
10 edge and the right edge of print position in units of col- 
umn position; the left edge must be smaller than the right 
edge. 

[BLOCK] - Select Print Block 

15 

[0250] This command is used to specify the left edge 
and the right edge of a data block in units of column 
position from the top of each print buffer. The [BLOCK] 
command also specifies where bit images following a 
20 [DATA] command (described above) are stored. 

[DEFINE_COLOR] - Define Print Color 

[0251] The Define Print Color Command is used to 
25 define the color table which specifies the location in the 
printer head where the bit image data that follows the 
[DATA] command is stored. This command has param- 
eters to specify the color table to be defined, the color 
start position, the color height, and the color offset. 

30 

[COLOR] - Select Print Color 

[0252] This command is used to specify the color ta- 
ble which was defined by the DEFINE_COLOR com- 
35 mand. 

[DEFINE_PULSE] - Define Heat Pulse Table 

[0253] The [DEFINE_PULSE] command is used to 
40 define up to plural different heat pulse block tables. The 
pulse block table must be defined before printer 10 re- 
ceives the [SELECT_PULSE] command which will be 
defined below. 

45 [SELECT_PULSE] - Select Heat Pulse Table 

[0254] The Select Heat Pulse Table command is used 
to select one heat pulse block table, from among plural 
tables defined by the [DEFINE_PULSE] command 
so above, that is in common with all heads. 

[DEFI NE_CONTROL] - Define Buffer Control Table 

[0255] This command is used to define up to plural 
55 different print buffer control tables. The print buffer con- 
trol table must be defined before the printer receives 
[SELECT_CONITROL] command (described below). 
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[SELECT_CONTROL] - Select Buffer Control Table 

[0256] This command is used to select a print buffer 
control table for each print head 100a and 100b, from 
among the plural tables defined in the 
[DEFINE_CONTROLl command. 

[SCANJvlARGIN] - Set Scan Margin 

[0257] The Set Scan Margin command is used to set 
the scan margin. This command is to be received by 
printer 10 before a line is printed so that the printer can 
seek the carriage logically. 

[AT_DELAY] - Set Auto-Trigger Delay 

[0258] This command is used to set the auto-trigger 
delay by specifying the scan direction as either forward 
or backward, and by specifying an auto-trigger delay 
time in units of 10 (isec up to a maximum auto-trigger 
delay time of 2,550 u.sec. 

3.6.3 Maintenance Commands 

[0259] Maintenance commands serve to maintain 
print operations of printer 10 and are described in more 
detail below. 

[RECOVER]- Head Recover 

[0260] Receiving this command causes printer 10 to 
go into head recovery mode, such as cleaning and ink 
suction operations. 

[HEAD_EXC] - Head Exchange 

[0261] The Head Exchange command places printer 
10 in head exchange mode. Upon entering head ex- 
change mode, the carriage moves to the exchange po- 
sition. This parameters of this command specifies the 
head and/or ink tank to be exchanged. 

[PCR] - Change Pulse Control Ratio 

[0262] This command is used to change a ratio of the 
Pulse Control Table. Each ratio can be set from 1 
through 200, which means 1% through 200%. Default 
setting is 100 which means 100%, 

[UCT] - Universal Coordinated Time 

[0263] This command is used to set the current time 
in printer 1 0, and must be sent to printer 1 0 at the onset 
of a print job start. Printer 1 0 uses the time to determine 
whether or not printer 1 0 should recover the print head. 
The time value is expressed as the number of seconds 
elapsed since midnight (00:00:00), January 1, 1970, 
Universal Coordinated Time (UCT), according to the 



system clock of host processor 2. 

[HEAD.CHECK] - Head Check 

s [0264] The head check command is used to check the 
print head type currently installed in the printer 10. 

[AUTO_POWER] - Auto Power Management 

10 [0265] This command is used to specify whether the 
auto power management function within printer 1 0 is en- 
abled or not. 

[SCAN] - Scan Sensor 

15 

[0266] This command is used to read an auto-align- 
ment sensor value and to send the result back to host 
processor 2. Scanning speed, direction, resolution and 
area are defined by the [SPEED], [DIRECTION], 
20 [DEHNE_BUF] and [EDGE] commands, respectively, 
as described above. 

[NVRAM] - NV-RAM Control 

25 [0267] This command is used to read data from EEP- 
ROM 1 02 and send the read data back to host processor 

2. 

[SMEAR] - Smear Control 

30 

[0268] The Smear Control command is used to pre- 
vent the print medium being used from being smeared 
with undried ink. This command allows a specified time 
to be set for delay of the printing time of the current page 
35 thereby preventing smearing. 

[IF_CONTROL] - Interface Control 

[0269] The Interface Control command is used to 
40 specify whether or not a specific interface mode on print- 
er 10 is enabled. 

[STATUS] - Status Request 

45 [0270] This command is used as a prefix command to 
send status requests to printer 10. Requests can be 
made for basic settings, main status, and detailed sta- 
tus. 

[0271] Basic Setting Commands are commands used 
so by host processor 2 to set printer 10 and do not neces- 
sarily require a response from printer 10. 
[0272] Main Status Request/Response commands 
are commands which are used to obtain status informa- 
tion in regular mode and include Base Status 
55 [BASE_STATUS], Echo Command [ECHO], print head 
configuration [HEAD], Alignment Sensor Results 
[SENSOR_RESULTS], EEPROM data sending to host 
[DATA_SEND], and Shift Buffer Size sending to host 
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[BUFFEFLSIZE]. For each Main Status Request/Re- 
sponse command issued, a response is automatically 
returned to host processor 2. 

[0273] Detailed Status Request/Response com- 
mands are used to obtain detailed status information. 
These commands include Detailed Job Status 
fJOB_STATUSl, Detailed Busy Status 
[BUSY_STATUS], Detailed Warning Status 
[WARNING_STATUS], Detailed Operator Call Status 
[OPERATOR.CALL], and Detailed Service Call Status 
[SERVICE_CALL]. Like Main Status Request/Re- 
sponse commands, for each Detailed Status Request/ 
Response command issued, a response is automatical- 
ly returned to host processor 2. 

[PREFIRE_EX| - Pretire Execution 

[0274] The Pretire Execution command is used to ex- 
ecute the prefire of ink. The parameters of this command 
allow for identificalion ol the specific head to be prefired. 

[PREFIRE_CYC] - Prefire Cycle Set 

[0275] The Prefire Cycle Set command is used to set 
the auto prefire execution cycle. The parameters of this 
command allow for the identification of the target head 
to be prefired and the amount of auto prefire cycle time 
in increments of seconds up to a maximum of 255 sec- 
onds 

4.0 Automatic Sheet Feed Control 

[0276] In brief, this section provides a description of 
the present invention in which an automatic sheet feed 
control process is provided for a printer whereby the 
printer is commanded to load a sheet of recording me- 
dium into the printer and to prepare said sheet for print- 
ing in an efficient and reliable manner. Specifically, a first 
aspect of the invention provides logic for selecting the 
speed at which the recording medium is loaded into the 
printer based upon the type of recording medium being 
loaded and upon print modes selected by the user and 
other printing-related conditions. In a related aspect, the 
line teed speed used to pass the recording medium 
through the printer during printing and the eject speed 
used during ejection of the recording medium from the 
printer after printing can also be selected in a similar 
manner. In a further aspect, the present invention also 
provides for an automatic sheet feed control whereby 
other pre-printing tasks can be carried out prior to com- 
pletion of the automatic sheet feed sequence. Lastly, the 
present invention provides an automatic sheet feed se- 
quence whereby a determination is made whether the 
sheet feed sequence will be successful prior to actual 
completion of the sheet feed sequence, thereby allow- 
ing a printer driver to send print data to the printer prior 
to completion of the automatic sheet feed sequence. 
[0277] As described in more detail below, the forego- 



ing arrangement provides for increased reliability during 
the loading of a recording medium into the printer and 
also reduces the amount of time required to load the re- 
cording medium and to complete other pre-printing 
s tasks in preparation for printing on the recording medi- 
um. 

4.1 ASF, Line Feed and Eject Speed Selection 

10 [0278] Printer 10 includes an automatic feeder 14 for 
automatically feeding a recording medium into printer 
10 prior to printing. A sheet of recording medium is au- 
tomatically loaded from automatic feeder 14 into printer 
10 by automatic feeder rollers 32 which are driven by 

is tine feed motor 34 through clutch device 1 40 as depicted 
in Figure 5A. Movement of cartridge receptacles 37a 
and 37b are necessary in order to position clutch device 
140 so as to engage automatic feeder rollers 32 with 
line feed motor 34 for loading the recording medium into 

20 printer 1 0. The sequence of events necessary to engage 
and operate automatic feeder rollers 32 via clutch de- 
vice 140 is depicted in Figure 5C, as discussed in more 
detail in Section 1.1, above. 

[0279] The operation of automatic feeder 14 and au- 

25 tomatic sheet rollers 32 is controlled by printer 1 0 in con- 
junction with printer driver 84 whereby printer driver 84 
sends control commands to printer 1 0 via communica- 
tion line 76. In the present aspect of the invention, printer 
driver 84 preferably sends a command to printer 10 to 

30 begin loading the recording medium prior to printing. Up- 
on receipt of the load command from printer driver 84. 
printer 10 starts to load the recording medium pursuant 
to the parameters and conditions specified in the load 
command. As shown in Figure 14, the load ([LOAD]) 

35 command is utilized during the command sequence 
from printer driver 84 to printer 10 to instruct printer 10 
to load the recording medium. The load ([LOAD]) com- 
mand provides parameters to printer 10 regarding the 
type and size of recording medium to be loaded, and 

40 informs printer 10 whether the recording medium is to 
be loaded using automatic feeder 14 or manual feeder 
17. When automatic feeder 14 is to be used, the load 
([LOAD]) command also indicates which one of a plu- 
rality of speeds, such as high speed or normal speed, 

45 is to be used by automatic feeder rollers 32 for loading 
the recording medium into printer 10. As discussed ear- 
lier in reference to Figure 14, a skip ([SKIP]) command 
is used to direct printer 1 0 to advance the recording me- 
dium through printer 10 during printing and an eject 

50 ([EJECT]) command is used to eject the recording me- 
dium from printer 10 after printing has been completed. 
[0280] Figure 20 is a flow chart that depicts a se- 
quence of steps that are preferably executed within 
printer driver 84 for commanding printer 10 to load and 

55 print a page of recording medium according to an em- 
bodiment of the present invention. In Figure 20 : the se- 
quence is started in step 2000 in which printer driver 84 
sends a reset command ([RESET]) to printer 1 0 in order 
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to initialize printer 10. Printer driver 84 then determines 
(step S2001) the print modes and conditions related to 
the type of recording medium to be loaded, the type of 
image to be printed on the recording medium and the 
modes to define the manner in which printer 10 shall s 
print the image. Once the print modes and conditions 
have been determined, printer driver 84 determines an 
appropriate automatic sheet feed speed, line feed 
speed and eject speed for use during the loading, print- 
ing and ejection of the recording medium, and then 10 
sends a paper load command ([LOAD]), which includes 
the determined load speed, line feed speed and eject 
speed, to printer 10 to begin loading the recording me- 
dium (S2002). Printer driver 84 then prepares print data 
for a first scan of printing in step S2003 and notifies print- is 
er 10 of the print data preparation. The preparation of 
print data by print driver 84 is described more fully in U. 
S. Patent Application No. 08/901,719, entitled "PRINT 
DRIVER FOR A COLOR PRINTER", filed July 28, 1 997. 
In step S2004, a determination is then made whether 20 
printer driver 84 has received an indication of early suc- 
cess of loading the recording medium or an indication 
that the loading is complete. If either indication is re- 
ceived, then printer 10 is ready to proceed with printing 
and control passes to step S2005. If neither indication 2s 
is received, control passes to the end of the sequence. 
If no print data is to be printed for this scan, (step S2005), 
control proceeds to step S2016 in which print data for 
the next scan is prepared. Printer driver 84 then per- 
forms a virtual skip in step S2017 in order to keep track 30 
of the total number of scan lines processed for this par- 
ticular page of recording medium. If it is determined that 
printing for this page of recording medium has not yet 
been completed (step S201 3), control is returned to step 
S2005. Until it is determined that printing for the current 35 
page is finished, steps S2005 through S2013 are re- 
peatedly performed. 

[0281] If there is print data to be printed for this scan 
(step S2005), printer driver 84 determines whether to 
override the previous selection for line feed speed of 40 
printer 10 based upon user input (step S2006). For ex- 
ample, the user may select No_ Override, Low_Speed 
Override, or High_Speed Override which is sent to print- 
er 10 (step S2006) via a line feed speed command 
([SPEED_RSKIP]). A skip command ([SKIP]) is then 45 
sent to printer 1 0 (step S2007) to instruct line feed motor 
34 to advance the recording medium by a specific 
number of raster lines in order to position the recording 
medium for printing the current scan of print data. Printer 
driver 84 then sets scan settings and sends them to so 
printer 10 (step S2008) to prepare it for printing the cur- 
rent scan of print data ([DIRECTION], [EDGE], 
[SPEED], [SIZE], [SELECT_PULSE], 

[SELECT_CONTROL]). After sending the scan setting 
parameters to printer 1 0, printer driver 84 sends the print 55 
data for the current scan to printer 1 0 via an image data 
transmission command ([DATA]) in step S2009. Printer 
driver 84 then prepares the next scan of print data in 



step S2010. It is then determined whether the loading 
of recording medium has been completed successfully 
(step S2011). If the page of recording medium has not 
been successfully loaded, control is directed to the end 
of the printer driver process. 

[0282] If the loading of the recording medium has 
been successfully completed, printer driver 84 begins 
printing of the current scan of print data by sending a 
print command ([PRINT]) to printer 10 (step S2012). If 
printing for the page is finished (step S2013), printer 
driver 84 sets the selected eject speed override in step 
S2014 to either No_Override, Low_Speed Override, or 
High_Speed Override, and then sends the override se- 
lection to printer 10 as part of a paper eject command 
([EJECT]) to instruct printer 10 to eject the current page 
of recording medium (step S201 5). If printing for the cur- 
rent page is not finished, control returns to step S2005. 
in this manner, printer driver 84 provides detailed com- 
mands and data to printer 10 based upon the type of 
recording medium being used, the print modes and con- 
ditions requested by the user, and other relevant print 
related conditions. 

[0283] Figure 24 is a flow chart providing a detailed 
view of the process steps performed by printer driver 84 
during step S2002 of Figure 20 in which automatic sheet 
feed speed, line feed speed and eject speed are deter- 
mined. First, it is determined whether the user has se- 
lected manual feed for the current print job (step S2401 ) 
whereby the user manually feeds a sheet of recording 
medium into manual feeder 17 of printer 10. If manual 
feed is selected, printer driver 84 sends a purge check 
command to printer 1 0 and waits for the purge check to 
finish, thereby preventing the user from manually feed- 
ing the recording medium during operation of the purge 
pump (not shown) contained within ink cleaning mech- 
anism 45. Once it is determined that the purge pump is 
not currently in operation, a dialog box is displayed on 
display 4 prompting the user to insert a sheet of record- 
ing medium into the manual feeder (step S2403). A de- 
termination is then made whether the user acknowl- 
edged the dialog box prompt to manually insert paper 
(step S2404) and, if so, control proceeds to step S2406 
in which a paper load command ([LOAD]) is sent to print- 
er 10 specifying a manual load. If the user did not ac- 
knowledge the dialog box prompt displayed on display 
4, the print job is cancelled in step S2405. 
[0284] Returning to step S2406, after the manual feed 
load command is sent to printer 10, a determination is 
made whether the recording medium was loaded cor- 
rectly (step S2408). If it was not, the user is asked to 
remove the recording medium from the printer and re- 
insert it for another attempt at manual feed (step S2409). 
If the user acknowledges the request to re-insert the re- 
cording medium for another attempt at manual feed 
(step S2407), then control is directed back to step 
S2406 to send another load command specifying man- 
ual feed. If the user does not acknowledge the request 
to re-insert the recording medium for another attempt at 
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manual feed (step S2407), then the print job is cancelled 
(step S2405), Returning to step S2408, if the recording 
medium is property fed into printer 1 0 after receipt of the 
manual feed load command, then control is directed to 
return from the sequence (step S2422). 
[0285] Returning to step S2401, if the user does not 
select manual feed, the current time is obtained in step 
S2425. If printer 10 is being used within a specified time 
period as defined by predetermined thresholds T1 and 
T2 (step S2423), which preferably define daytime busi- 
ness hours, control proceeds to step S2410. If printer 
10 is not being used within the specified time period 
(step S2423), then printer driver 84 selects a low speed 
automatic sheet feed command, a low speed line feed 
command and a tow speed eject speed command and 
sends them to printer 1 0 (step S241 6), thereby reducing 
the noise generated by printer 1 0 during printing. These 
settings correspond to default settings when a 
No_Override mode is selected by the user. If printer 10 
is being used within the specified time period (step 
S2423), but the user has not selected draft or standard 
mode, then printer driver 84 selects a tow load speed 
setting, a low line speed setting and a low eject speed 
setting and sends the settings to printer 10 via a paper 
load ([LOAD]) command (step S2416). If, however, the 
user has selected a draft or standard mode, a determi- 
nation is made whether the current print job is to be print- 
ed using a regular mode (step S2411). If regular mode 
is not selected, then a high resolution color mode is in 
use for the current print job and therefore the printer driv- 
er 84 selects low speed settings for the load speed, line 
feed speed and eject speed and sends them to printer 
10 via .paper load ([LOAD]) command (step S2416). 
[0286] If, however, regular mode is being used for the 
current print job (step S2411), then a determination is 
made in printer driver 84 regarding what type of record- 
ing medium is being used for the current print job (step 
S2412). If plain paper is being used (step S2412), then 
a high speed is selected for the load speed, line speed 
and eject speed and these selections are sent to printer 
10 via a paper load ([LOAD]) command (step S2414), 
However, if instead bubble jet paper is being used for 
the current print job (step S241 3), then a low speed set- 
ting is selected for the load speed, a high speed setting 
is selected for the line feed speed, and a low speed set- 
ting is selected for the eject speed, and these selections 
are sent to printer 10 via a paper load ([LOAD]) com- 
mand (step S241 5). If neither plain paper nor bubble jet 
paper is being used for the current print job, then printer 
driver 84 selects a low speed setting for the load speed, 
a low speed setting for the line feed speed and a low 
speed setting for the eject speed and these selections 
are sent to printer 10 via a paper load ([LOAD]) com- 
mand (step S2416). After a paper load command is sent 
to printer 10from one of steps S2414, S2415or S2416, 
a determination is made whether the recording medium 
was properly fed into printer 10 (step S2417). If the re- 
cording medium was not properly fed, a dialog box is 



displayed on display 4 asking the user to correct the 
problem and retry the paper load (step S2418). If the 
user then chooses to retry the paper load from display 
4 (step S2419), control is directed to step S2416 in 

5 which low speed settings are set for the load speed, line 
feed speed and eject speed and another paper load 
([LOAD]) command is sent to printer 10 (step S2416). If 
the user did not select a retry from display 4, then a de- 
termination is made whether the user selected retry from 

10 resume button 26 on printer 10 (step S2420), and if so, 
control is directed to step S2416. If the user did not se- 
lect retry from display 4 or from printer 10, then the print- 
ing job is cancelled (step S2421). Returning to step 
S241 7, if the recording medium was loaded properly into 

is printer 10, flow is directed to step S2422 which returns 
control from the entire sequence. 
[0287] In this manner, the embodiment of the present 
invention provides logic within printer driver 84 to select 
from one of multiple speeds for loading recording medi- 
co um from automatic sheet feeder 14 and for similar se- 
lection of line feed speed and eject speed based upon 
the conditions and requirements of a given print job such 
as the type and size of recording medium, print modes, 
previous unsuccessful load attempts, and other modes 

2S and conditions. As a result, the fastest speeds that are 
appropriate for a given print job are utilized during load- 
ing of the recording medium, and during printing and 
ejection of the recording medium, thereby reducing the 
overall time required for a particular print job while still 

30 providing reliable performance. 

[0288] Figure 25 is a flow chart depicting logic used 
within CPU 91 of printer 10 for setting eject speed based 
on an override command provided from printer driver 84. 
Control begins in step S2501 in which a determination 

35 js made whether a No_Override command was received 
from printer driver 84. If the No_Override setting was 
selected, a determination is made whether the load 
speed is currently set to a high speed setting (step 
S2504). If the load speed is currently set to a high speed, 

40 then the line feed speed to be used during eject is also 
set to a high speed selection (step S2505). If the load 
speed is not set to a high speed, then the line feed speed 
to be utilized during eject is set to a low speed (step 
S2506). Returning to step S2501 , if a NoJDverride was 

45 not sent by driver 84, then it is determined whether a 
Low_Speed Override was sent (step S2502). If a 
Low_Speed Override command was sent, then the line 
feed speed to be used for ejection is set to a low speed 
(step S2507). On the other hand, if a Low_Speed Over- 

so ride was not sent, then a determination is made whether 
a High_Speed Override command was sent (step 
S2503), and if so, a high speed line feed speed is se- 
lected for ejection (step S2508). If neither a 
No_Override, a Low_Speed Override or a High_Speed 

55 Override has been sent, then a default value : preferably 
low speed, for line feed speed is set for ejection (step 
S2509). In this manner, printer driver 84 can select an 
ejection speed override to change a previously set ejec- 
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tion speed command from printer driver 84. 
[0289] In a similar manner, Figure 26 provides a flow 
chart for operation of logic in CPU 91 of printer 1 0 where- 
by a prior setting for line feed speed can be overridden 
at a subsequent time by printer driver 84. Control begins 
in step S2601 in which it is determined whether the res- 
olution for printing has been set to 1440 dpi. If the res- 
olution of 1440 dpi has been selected by printer driver 
84, then a 1440 dpi speed is selected for the line feed 
speed (step S2605). If, however, a resolution of 1440 
dpi has not been selected, then a determination is made 
whether printer driver 84 has sent a Low_Speed Over- 
ride (step S2602) and if so, a low speed is selected for 
the line feed speed (step S2606). If a Low_Speed Over- 
ride has not been selected, a determination is made 
whether a High_Speed Override has been selected 
(step S2603), and if so, a high speed is selected for the 
line feed speed (step S2607). If a High_Speed Override 
has not been received, then a determination is made 
whether the load speed is currently set to a high speed 
(step S2604) and, if so, a high speed is set for the line 
feed speed (step S2608). If a high speed has not been 
set for the load speed, then a default speed of a low 
speed is selected for the line feed speed (step S2609). 
In this manner, printer driver 84 can select an override 
setting for line feed speed after a previous line feed 
speed setting has been provided by printer driver 84. 

4 2 Early Determination of Paper Load Success 

[0290] In a preferred embodiment of the present in- 
vention, a determination is made within CPU 91 of print- 
er 1 0, prior to completion of the loading of the recording 
medium, whether the loading will probably be success- 
ful. If the loading will probably be successful, printer 10 
notifies printer driver 84 of the early success indication 
so that printer driver 84 can begin sending print data to 
printer 10 as soon as possible. In this manner, the printer 
can begin printing more quickly after a successful com- 
pletion of the loading of the recording medium. 
[0291] Figure 21 A is a flow chart which illustrates the 
steps performed in CPU 91 of printer 10 during the load- 
ing of a page of recording medium by automatic feeder 
14 in printer 10, including steps necessary to obtain an 
early success indication regarding the loading of the re- 
cording medium. Control begins in step S2101 in which 
cartridge receptacles 37a and 37b are commanded to 
move to home location 46 and then to wait once they 
arrive there. The cartridge receptacles are driven by car- 
riage motor driver 39a. Next, it is determined whether a 
previous recording medium was ejected immediately 
prior to this loading sequence (step S2102). If there was 
an ejection, then a process wait is entered into (step 
S2103) until line feed motor 34 has ramped from the 
ejection line feed speed to the automatic sheet leed 
pickup speed at which speed automatic feeder rollers 
32 can be engaged. This wait is performed so that ad- 
justment of clutch unit 1 40 for engaging automatic feed- 



er rollers 32 is not attempted until line feed motor 34 is 
at an appropriate speed. Once the line feed motor is at 
the appropriate speed, a determination is made whether 
automatic feeder rollers 32 are currently at their initial 
5 home position (step S2 104). If so, a flag is set to indicate 
that automatic feeder rollers 32 were in their home po- 
sition at the beginning of the automatic sheet feed se- 
quence (step S2106). 

[0292] If the automatic feeder rollers were not initially 
10 in the home position, then the flag is set to false (step 
S2105). Next, cartridge receptacles 37a and 37b are 
commanded to move to clutch unit 1 40 for engaging au- 
tomatic feeder rollers 32 (step S2107). A Retry_Load 
Flag is set to false in step S21 08 to indicate that a retry 
has not yet been attempted for loading of the recording 
medium. Next, a determination is again made whether 
there was an ejection of a previous recording medium 
prior to the beginning of this load sequence (step 

521 09) . If there was an ejection, then control is directed 
20 to step S21 1 1 and, if there was not an ejection, the load 

speed is selected based upon various conditions as de- 
scribed in further detail in Figure 21 D, after which the 
start of automatic feeder rollers 32 is commanded (step 

52110) . Control flow then proceeds to step S2111 in 
25 which it is determined whether automatic feeder rollers 

32 are currently at their home position. If they are cur- 
rently at their home position, control is again returned to 
step S211 1 to keep checking their position until they are 
no longer at the home position. If automatic feeder roll- 
so ers 32 are not currently at the home position and it is 
also determined that automatic feeder rollers 32 did, in 
fact, start in the home position (step S2112), then clutch 
unit 1 40 is properly engaged for driving automatic feeder 
rollers 32 and, therefore, cartridge receptacles 37a and 
35 37b are no longer required to be positioned near clutch 
unit 140. Cartridge receptacles 37a and 37b are then 
commanded to move back to home location 46 for the 
cleaning of print heads 100a and 100b (step S2113). 
[0293] Returning to step S2112, if automatic feeder 
40 rollers 32 were not initially in the home position, then 
cartridge receptacles 37a and 37b should remain posi- 
tioned against clutch un it 1 40 so as to engage automatic 
feeder rollers 32 to provide enough time for them to com- 
plete their motion. In this case, cartridge receptacles 
45 37a and 37b are not commanded to move back to the 
home position but, instead, control is directed to step 
S21 1 4 in which it is determined whether automatic leed- 
er rollers 32 are currently moving. If they are moving, 
then a determination is made whether the leading edge 
50 of the recording medium has been detected within print- 
er 1 0 (step S21 1 5). If the leading edge has not yet been 
detected, control is returned to step S2114 to again de- 
termine if automatic feeder rollers 32 are moving. If it is 
determined in step S2114 that automatic feeder rollers 
55 32 are not moving, such as upon completion of their re- 
quired motion for loading the recording medium, then 
control is directed to step S2117 Returning to step 
S2115, if the leading edge of the recording medium is 
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detected, then early success logic is performed (step 
S2116) to determine whether the loading process will 
probably be successful even though it has not yet been 
completed. A more detailed description of the early suc- 
cess logic is discussed further in reference to Figure 
21 C. After execution of the early success logic (step 
S2116), a determination is made in step S2117 whether 
automatic feeder rollers 32 began in their initial home 
position and, if so, a process wait is entered into (step 
S2118) to wait for carriage receptacles 37a and 37b to 
stop at home location 46. Print heads 100a and 100b 
are then commanded to perform a pre-fire in order to 
maintain them in at least a good printing condition step 
S2118). 

[0294] The wait in step S21 18 also allows for cartridge 
receptacles 37a and 37b to move past wipers 44a and 
44b tor wiping on the way to home location 46. Step 
S2118 is circumvented if automatic feeder rollers 32 
were not initially in their home position (step S2117) at 
the beginning of the automatic sheet feed sequence. 
Control is continued at step 2119 in Figure 21 B wherein 
a determination is made whether automatic feeder roll- 
ers 32 are currently moving. If rollers 32 are moving, 
control is returned to step S2119 until it is determined 
that rollers 32 are no longer moving. Once rollers 32 
have stopped moving, control is directed to step S2120 
to determine whether rollers 32 were initially in their 
home position at the beginning of the automatic sheet 
feed sequence. If rollers 32 were not initially at their 
home position, then cartridge receptacles 37a and 37b 
are commanded to their home location 46 (step S2121). 
Control then proceeds to a determination of whether roll- 
ers 32 are currently stopped at their home position (step 
S2122). If rollers 32 are not returned to their home po- 
sition after they have stopped moving (step 2122) then 
there has been a fatal error and appropriate action is 
taken to restart all tasks and log the error (step S2123). 
If rollers 32 did return to their home position, a determi- 
nation is made (step S2124) whether the leading edge 
of the recording medium was detected by the paper 
edge sensor (not shown). 

[0295] If the leading edge of the recording medium 
was detected, a determination is made (step S2125) 
whether the detection of the edge was made within the 
specified number of motor steps, e.g. whether the re- 
cording medium took too long to load because it was 
slipping on automatic feeder rollers 32. If the leading 
edge was detected within the expected time, it is then 
determined whether the leading edge of the recording 
medium was loaded past the paper edge sensor by a 
sufficient amount (step S2126). If the recording medium 
was loaded by a sufficient amount, then the recording 
medium was loaded successfully and a Return Load 
Status flag is set to SUCCESS (step S2128). Control is 
then returned from the automatic sheet feed sequence. 
[0296] If, however, the recording medium took too 
long to be detected (step S21 25) or was not loaded past 
the paper edge sensor by a sufficient amount (step 



S2126) the attempt to load the recording medium was 
unsuccessful and control is then directed to step S21 27 
in which a determination is made whether the recording 
medium allows for the use of a recovery sequence to 

s place the recording medium in the proper position. The 
recovery sequence is preferably not allowed for record- 
ing media that are less than six inches or that are gbssy 
paper, glossy photo card, or high gloss film. If the type 
of recording medium does not allow for the use of a re- 

10 covery sequence, the Return Load Status is set to ER- 
ROR and control is returned from the entire automatic 
sheet feed sequence (step S21 31 ). If the type of record- 
ing medium allows for utilization of a recovery se- 
quence, then control is directed to the recovery se- 

*s quence in step S2129. The recovery sequence is dis- 
cussed in greater detail below in reference to Figure 
21 E. Upon recovery, the Return Load Status is set to 
SUCCESS and control is returned from the entire auto- 
matic sheet feed sequence (step S2128). 

20 [0297] Returning to step 2124, if the leading edge of 
the recording medium has not been detected by the pa- 
per edge sensor, the type of recording medium is 
checked to determine whether it supports the use of a 
recovery sequence (step S21 32). If the type of recording 

2S medium does not allow for the use of a recovery se- 
quence, the Return Load Status is set to ERROR (step 
S2131) and control is then returned from the entire au- 
tomatic sheet feed sequence. If the type of recording 
medium supports the use of a recovery sequence, a the 

30 Retry_Load flag is tested (step S2133) to determine 
whether this is the second attempt to retry loading of the 
recording medium. If this is the second retry attempt, the 
Return Load Status is set to ERROR and control is re- 
turned from the entire automatic sheet feed sequence 

3S (stepS2131). 

[0298] If this is the first retry attempt, the Retry_Load 
flag is set (step S2134) and rollers 32 are checked to 
determine if they are currently at their home position 
(step S21 35). The Start_At_Home flag is set according- 

40 |y in step S2136 or step S2137 in accordance with the 
current position of rollers 32. The process then waits for 
cartridge receptacles 37a and 37b to stop moving, and 
then commands cartridge receptacles 37a and 37b to 
move to clutch unit 1 40 to engage automatic feeder roll- 

45 ers 32 with line feed motor 34 (step S21 38). Control then 
returns to step S2110 in Figure 21 A to repeat the auto- 
matic sheet feed sequence steps previously described. 
[0299] The early success logic referenced earlier in 
step 21 16 of Figure 21 B allows an Early Success flag to 

so be sent to printer driver 84 so that printer driver 84 can 
begin sending print data to printer 10 prior to completion 
of the loading of the recording medium. Figure 21 C pro- 
vides a detailed flow diagram of the steps comprising 
the early success logic. In step S2139, a determination 

55 js made whether the leading edge of the recording me- 
dium was detected within the specified number of motor 
steps, e.g. whether the recording medium took too long 
to load because it was slipping on automatic feeder roll- 
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ers 32. If the leading edge of the recording medium was 
not detected within the specified number of motor steps, 
then control is returned because there is a probability 
that the load will not be successful. 
[0300] If the leading edge of the recording medium 
was detected within the specified number of motor 
steps, then the type of recording medium is checked to 
determine whether it supports the use of a recovery se- 
quence as discussed above (step S2140). If the type of 
recording medium does not allow for the use of a recov- 
ery sequence, control is returned because there is a 
probability that the load will not be successful. Alterna- 
tively, if the type of recording medium allows for the use 
of a recovery sequence, an Early Success flag is set 
and the process gives up control of CPU 91 for 10 mil- 
liseconds (step S21 41 ) to allow another process to send 
a SUCCESS indication in the Return Load Status to 
printer driver 84. In this manner, the automatic sheet 
feed sequence performed in CPU 91 of printer 10 con- 
trols the automatic loading of a recording medium from 
automatic feeder 14 in an efficient manner while also 
providing reliable performance by allowing printer driver 
84 to begin sending print data prior to completion of the 
loading process based upon an early success indica- 
tion. This arrangement therefore reduces the time re- 
quired between the completion of loading the recording 
medium and the beginning of printing image data on the 
recording medium. 

[0301] Figure 21 F is a flow diagram that illustrates the 
process steps referenced in the reference in Figure 21 D 
to step S2110 in which CPU 91 of printer 10 sets the 
load speed based upon the automatic sheet feed speed 
provided by printer driver 84 and by current conditions 
and parameters related to the automatic sheet feed se- 
quence. In step S2142, the length of the recording me- 
dium is checked to determine if it is less than six inches. 
If it is, the recording medium is treated similar to an en- 
velope and a two-part load sequence is initiated where- 
by the first part of the motion for automatic feeder rollers 
32 is started (step S2146). After a 250 millisecond wait 
(step S21 47), the second part of the motion for automat- 
ic feeder rollers 32 is started (step S2148). Control is 
then returned from this process. This two-part motion 
provides reliability when attempting to load smaller size 
recording medium, such as bulky, heavier envelopes. 
[0302] If the recording medium is not less than six 
inches, the currently set load speed is checked to de- 
termine if it is set to low speed, the Start_at_Home flag 
is checked to determine if automatic feeder rollers 32 
were not initially at their home position, and the 
Ftetry_Load flag is checked to determine if a prior at- 
tempt to load the recording medium was unsuccessful 
(step S2143). If any of the aforementioned checks are 
answered in the affirmative, line feed motor 34 is com- 
manded to drive automatic feeder rollers 32 at low 
speed (step S2144). If none of the aforementioned 
checks are answered in the affirmative, line feed motor 
34 is commanded to drive automatic feeder rollers 32 at 



high speed (step S2145). Control is then returned from 
this process. 

[0303] Figure 21 E is a flow diagram that provides a 
detailed view of the process steps comprising the recov- 
s ery sequence represented by step S2129 in Figure 21 B. 
The recovery sequence begins in Figure 21 E by first de- 
termining if the recording medium slipped too much 
while being loaded by automatic feeder rollers 32 (step 
S2149). If so, the recovery sequence waits for cartridge 

10 receptacles 37a and 37b to stop moving (step S2150) 
and then commands cartridge receptacles 37a and 37b 
to move to clutch unit 140 to engage automatic feeder 
rollers 32 with line feed motor 34 (step S2151). If the 
paper has not slipped too much, control is directed to 

is step S21 55 which is discussed in more detail below. Au- 
tomatic feeder rollers 32 are then started at a low speed 
(step S21 52) and the recovery sequence then waits until 
automatic feeder rollers 32 complete the loading motion . 
Next, it is determined whether automatic feeder rollers 

20 32 have stopped at their home position (step S2153). If 
they have stopped at their home position, then the re- 
covery sequence continues to step S2155. If they have 
not stopped at their home position, then all tasks are 
restarted and a fatal error is logged (step S2154). 

2S [0304] The recovery sequence continues at step 
S2155 wherein cartridge receptacles 37a and 37b are 
commanded to move to home location 46 thereby dis- 
engaging automatic feeder rollers 32 from line feed mo- 
tor 34 via clutch unit 140. Line feed motor 34 is then 

30 commanded to rotate line feed roller 165 in the reverse 
direction (step S21 56) to feed the recording medium be- 
hind a pinch roller (not shown). Cartridge receptacles 
37a and 37b are then commanded to move to clutch unit 
140 to engage automatic feeder rollers 32 with line feed 

35 motor 34 (step S21 57) via clutch unit 140. The recording 
medium is then clamped by moving automatic feeder 
rollers 32 from their home position (step S2158). 
[0305] Cartridge receptacles 37a and 37b are then 
commanded to move to home location 46 thereby dis- 

40 engaging automatic feeder rollers 32 from line feed mo- 
tor 34 (step S2159). The recording medium is then 
curled behind the pinch roller (not shown) by driving line 
feed motor 34 (step S2160). Cartridge receptacles 37a 
and 37b are then commanded to move to clutch unit 1 40 

45 to engage automatic feeder rollers 32 with line feed mo- 
tor 34 (step S2161). Automatic feeder rollers 32 are 
started at a low speed in step S2162 and the recovery 
sequence then waits until automatic feeder rollers 32 
complete the loading motion. Cartridge receptacles 37a 

50 and 37b are th en commanded to move to home location 
46 thereby disengaging automatic feeder rollers 32 from 
line feed motor 34 (step S2163). The recording medium 
is then positioned such that the leading edge of the re- 
cording medium is loaded 70/720th of an inch past the 

55 location of the first nozzle of print heads 100a and 100b 
(step S2164). At this point, the recording medium is po- 
sitioned for printing and control is returned from this re- 
covery process. 
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4.3 Print Head Maintenance During Paper Load 

[0306] As discussed above and depicted in Figures 
5A, 5B and 5C, the movement of cartridge receptacles 
37a and 37b is necessary in order to adjust clutch unit 
140 so as to engage automatic feeder rollers 32 with 
line feed motor 34 thereby driving automatic feeder roll- 
ers 32 to load recording medium into printer 10. Con- 
ventional printers typically wait until loading of the re- 
cording medium is successfully completed before per- 
forming other pre-printing tasks such as cleaning the 
print heads. In such an arrangement, cartridge recepta- 
cles 37a and 37b are kept near clutch unit 140 during 
loading of the recording medium in the event that there 
is a loading problem that requires the use of cartridge 
receptacles 37a and 37b to engage or disengage auto- 
matic feeder rollers 32 from line feed motor 34. 
[0307] In the preferred embodiment of the present in- 
vention, it is determined whether automatic feeder roll- 
ers 32 began an automatic sheet feed sequence in the 
proper position and whether the automatic sheet feed 
sequence is progressing properly. Therefore, in the 
event that the automatic loading of a recording medium 
is proceeding properly, cartridge receptacles 37a and 
37b can be utilized for other pre-printing tasks such as 
print head cleaning and maintenance prior to the com- 
pletion of the automatic sheet feed sequence. 
[0308] The specific steps performed by printer 10 to 
achieve this function are shown in steps S211 1 through 
S2118 of the automatic sheet feed sequence depicted 
in Figure 21 A and have been thoroughly discussed 
above. Specifically, when it is determined that the auto- 
matic sheet feed sequence is proceeding properly, car- 
tridge receptacles 37a and 37b are sent to home loca- 
tion 46 in step S21 1 3 of Figure 21 A. The process waits 
for cartridge receptacles 37a and 37b to stop at home 
location 46, thereby providing time for wiping print heads 
100a and 100b on the way to home location 46, after 
which print heads 100a and 100b are commanded to 
perform a pre-fire of ink to maintain them in a good print- 
ing condition (step S2118 of Figure 21 A). 
[0309] Figure 22 is a flow diagram that functionally de- 
picts the relationships among automatic feeder rollers 
32, cartridge receptacles 37a and 37b, print heads 100a 
and 100b and printer driver 84 during execution of an 
automatic sheet feed sequence in printer 10 for loading 
a first page of recording medium during a print job. Start- 
ing with step S2201 , the line feed motor speed is select- 
ed as described earlier in reference to Figure 21 D. Then, 
the status of print head connection caps 47a and 47b 
are checked to determine if they are closed (step 
S2202). If caps 47a and 47b are closed, they are com- 
manded to open (step S2203), after which cartridge re- 
ceptacles 37a and 37b are commanded to home loca- 
tion 46 (step S2204), and print heads 100a and 100b 
are commanded to pre-fire (step S2205). Control is then 
returned to step 2206 in which carriage motor 3g is com- 
manded to move cartridge receptacles 37a and 37b to 



clutch unit 140 to engage automatic feeder rollers 32 
with line feed motor 34. The motion of cartridge recep- 
tacles 37a and 37b thereupon continues under the su- 
pervision of an interrupt background process as shown 

s in step S2209. 

[0310] Control continues to step S2207 in which line 
feed motor 34 is started to begin the loading of the re- 
cording medium via automatic feeder rollers 32. The pa- 
per loading thereupon continues under the supervision 

io of an interrupt background process as shown in step 
S2210. In step S2208, a process wait is entered until 
the interrupt background process of step S2209 returns 
an interrupt indicating that cartridge receptacles 37a 
and 37b have moved to clutch unit 140. Then, control 
proceeds to step S2211 whereupon carriage motor 39 
is commanded to move cartridge receptacles 37a and 
37b to home location 46, thereby initiating an interrupt 
background process to supervise the wiping of print 
heads 1 00a and 1 00b as shown in step S221 2. A deter- 

20 mination is then made whether an Early Success flag 
has been set for the automatic sheet feed sequence 
(step S2220). If the Early Success flag is set to FALSE, 
control is directed to step S2213. However, if the Early 
Success flag is set to TRUE, control of CPU 91 is given 

2S up in order to transmit the Return Load Status to printer 
driver 84 as depicted in steps S2221 through S2223. 
Control is then directed to proceed immediately prior to 
step S221 3. 

[0311] The interrupt background process that moves 

30 cartridge receptacles 37a and 37b to home location 46 
(step S2212), during which the wiping of print heads 
100a and 100b is performed, returns an interrupt prior 
to step S2213 indicating that cartridge receptacles 37a 
and 37b have arrived at home location 46. Pre-fire of 

35 print heads 100a and 100b is then performed in step 
S221 3. A process wait is entered in step S221 4 until the 
interrupt background process that monitors the loading 
of the recording medium (step S2210) returns an inter- 
rupt indicating that the loading of the recording medium 

40 js complete. 

[0312] Upon receipt of an indication that the loading 
of the recording medium is complete (step S221 4), a de- 
termination is made whether Early Success was previ- 
ously detected for the automatic sheet feed sequence 

45 (step 221 5). If there was an Early Success detection, 
control is returned from this sequence (step S2219). If 
there was not an Early Success detection, control is giv- 
en up to CPU 91 of printer 10 (step S2216) in order to 
transmit the Return Load Status to printer driver 84 as 

so depicted in steps S2217 and S221 8. Control is then re- 
turned from this sequence in step S2219. In this manner, 
cartridge receptacles 37a and 37b are allowed to per- 
form other pre-printing tasks, such as wiping and pre- 
firing of print heads 100a and 100b, concurrently with 

55 the loading of the recording medium if the loading proc- 
ess is proceeding properly. Thus, the overall time re- 
quired between completion of loading the recording me- 
dium and the start of printing is reduced without ad- 
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versely affecting reliability and performance of the au- 
tomatic recording medium load sequence. 
[031 3] Figure 23 is a flow diagram that functionally de- 
picts execution of an automatic sheet feed sequence in 
printer 10 for ejection of a page of recording medium s 
followed by loading of a new page of recording medium 
First, the speed of line feed motor 34 is selected for ejec- 
tion of the previous page of recording medium (step 
S2301). Then, line feed motor 34 is commanded to be- 
gin the ejection of the previous page of recording medt- 10 
urn (step S2302). This initiates an interrupt background 
process to monitor the ejection of the previous page of 
recording medium as shown in step S2307. Next, car- 
riage motor 39 is commanded to move cartridge recep- 
tacles 37a and 37b to home location 46 (step S2203), 1$ 
thereby initiating an interrupt background process to 
monitor the movement of cartridge receptacles 37a and 
37b (step S2306). Control then waits until an interrupt 
is returned from the interrupt background process mon- 
itoring the ejection of the previous page of recording me- 20 
dium (step S2307) indicating that the ejection is com- 
plete, whereupon control proceeds to step S2304. A de- 
termination is made whether the ejection is to be fol- 
lowed by the loading of a new page of recording medi urn 
(step S2304), and if not, then control is returned from 2s 
the process in step S2305. 

[0314] If the ejection is to be followed by the loading 
of a new page of recording medium, then a determina- 
tion is made whether the current linefeed speed is equal 
to the speed required for engaging clutch unit 140 for 30 
driving automatic feeder rollers 32 (step 2308). If the line 
feed speed is not the same, then an interrupt back- 
ground process is initiated to monitor the ramping of the 
current line feed speed to the speed required to engage 
clutch unit 140 for driving automatic feeder rollers 32 35 
(step S2309). Control then continues at step S2308 until 
the required speed is obtained, after which control is di- 
rected to step S2310. 

[031 5] Carriage motor 39 is then commanded to move 
cartridge receptacles 37a and 37b to clutch unit 140 in *o 
step S2310 in order to engage automatic feeder rollers 
32 with line feed motor 34. The motion of cartridge re- 
ceptacles 37a and 37b thereupon continues under the 
control of an interrupt background process as shown in 
step S2311. Upon the return of an interrupt from the 45 
background process of step S2311, the loading of the 
recording medium then proceeds under the monitoring 
of an interrupt background process as shown in step 
S2314. In step S2312, a process wait is entered until 
the interrupt background process of step S2311 returns so 
an interrupt indicating that cartridge receptacles 37a 
and 37b have moved to clutch unit 140 and thereby en- 
gaged automatic feeder rollers 32 to line feed motor 34. 
Then, control proceeds to step S2313 whereupon car- 
riage motor 39 is commanded to move cartridge recep- ss 
tacles 37a and 37b to home location 46, thereby initiat- 
ing an interrupt background process (step S2316) to 
monitor cartridge receptacles 37a and 37b as they move 



to home location 46, during which wiping of print heads 
100a and 100b is performed. A determination is then 
made whether an Early Success flag has been set for 
the automatic sheet feed sequence (step S2315). If the 
Early Success flag is FALSE, control is directed to step 
S2318, but if the Early Success flag is TRUE, control is 
given up from CPU 91 of printer 1 0 in order to transmit 
the load status to printer driver 84 as depicted in steps 
S231 7, 2320 and S2321 . Control is then directed to step 
S2318. 

[0316] The interrupt background process of step 
S231 6 returns an interrupt prior to step S231 8 indicating 
that cartridge receptacles 37a and 37b have arrived at 
home location 46. Pre-fire of print heads 1 00a and 1 00b 
is then performed in step S2318. A process wait is en- 
tered in step S231 9 until the interrupt background proc- 
ess that monitors the loading of the recording medium 
(step S2314) returns an interrupt indicating that the 
loading of the recording medium is complete. Upon re- 
ceipt of an indication that the loading of the recording 
medium is complete (step S2319), a determination is 
made whether Early Success was previously detected 
for the automatic sheet feed sequence (step 2322). If 
there was an Early Success detection, control is re- 
turned from this sequence (step S2326). If there was not 
an Early Success detection, control is given up to CPU 
91 of printer 1 0 (step 2323) in order to transmit the Re- 
turn Load Status to printer driver 84 as depicted in steps 
S2324 and S2325 Control is then returned from this se- 
quence in step S2326. 

[0317] Thus, similar to the loading of a first page of 
recording medium depicted in Figure 22 as described 
above, the overall time required after the completion of 
loading the recording medium to perform other preprint- 
ing tasks, such as wiping and pre-firing, is reduced with- 
out adversely affecting reliability and performance. 

5.0 Carriage Control 

[0318] This Section describes carriage motor control 
according to the invention so as to accommodate a fast- 
er carriage motor. 

5.1 Margin And Direction Control 

[0319] Carriage motor 39 of printer 10 preferably is a 
high-speed motor so as to increase overall printing 
speed by scanning print heads 1 00a and 1 00b more rap- 
idly across a recording medium than in a conventional 
printer. However high-speed motors tend to exhibit non- 
uniform speeds when they start. These speed non-uni- 
formities can result in rippled or otherwise degraded im- 
age formation. The ripples tend to be most apparent in 
continuous images, for example non-color graphics 
such as charts or tables, and color images. The impact 
of the non-uniformities can be alleviated, however, by 
appropriate carriage motor control. 
[0320] Briefly, the invention addresses speed non- 



28 



BNSDOCID: <EP 1044816A2_I_> 



55 



EP 1 044 816 A2 



56 



uniformity by determining content of print data, and then 
printing the print data either with a first lateral scan proc- 
ess using a critical zone at edges in a lateral scan of the 
print, head for printing, or with a second lateral scan 
process that does not use the critical zone for printing. 
The first or second lateral scan process is selected 
based on the print data. The critical zone is an unstable 
zone for moving the print head in a lateral scan. 
[0321] Preferably, the critical zone is sized in corre- 
spondence with ramp up non-uniformities of a print car- 
riage on which the print head is mounted, so as to ac- 
commodate a distance between a point where print deg- 
radation due to speed non-uniformities are noticeable 
to a point where print degradation due to speed non- 
uniformities are no longer noticeable. 
[0322] Preferably, it is determined whether or not print 
data for a current scan and print data tor a previous 
scan : in at least the critical zone, are continuous print 
data. The current scan is printed in a direction opposite 
to that of the previous scan by the first lateral scan proc- 
ess in a case that the print data for the current scan and 
the print data for the previous scan are not continuous 
print data. The current scan is printed in a same direction 
as that of the previous scan by the second lateral scan 
process in a case that the print data for the current scan 
and the print data for the previous scan are continuous 
print data. 

[0323] In more detail, Figure 27A is a representative 
view for describing carriage control for standard mode 
(i.e., not draft or best mode) printing of isolated scan 
lines 300, continuous images 301 , and color images 302 
on plain-paper recording medium 303. Isolated scan 
lines 300 are separated by whitespaces 305 and typi- 
cally comprise text having a height less than a printable 
height of print head 100a or 100b. According to the in- 
vention, isolated scan lines 300 are printed using bi-di- 
rectional printing 304 without additional scan margins. 
Because these scan lines typically are text, ripples and 
other distortions caused by speed non-uniformity of car- 
riage motor 39 tend not to be noticed. Accordingly, the 
faster bi-directional printing without scan margins pro- 
duces satisfactory image quality at high speed. 
[0324] Continuous images 301 are non-color images 
that require multiple scan lines to print, without any 
whitespaces between scan lines. Examples of continu- 
ous images 301 are large-font text that has a height 
greater than a print height of print head 100a or 100b, 
and black-and-white or grey-scale graphics including ta- 
bles and charts. 

[0325] If continuous images 301 are printed using bi- 
directional printing without margins, speed non-uniform- 
ity occurs on opposite sides of recording medium 303 
from scan line to scan line. As a result, distortions 
caused by speed non-uniformity at a start of each scan 
line become more noticeable by proximity to vertically- 
adjacent non-distorted ends of previous and subse- 
quent scan lines. In order to address this problem, print- 
er 10 according to the invention prints continuous imag- 



es using unidirectional printing 306. Furthermore, scan 
margin 307 is inserted before each scan line so as to 
allow motor non-uniformities to dissipate before ink is 
ejected onto recording medium 303. Because unidirec- 
5 tional printing is preformed, only left scan margin 307 
needs to be inserted on a left side of the scan lines. 
[0326] By virtue of the foregoing, bi-directional print- 
ing that includes printing in the critical zone is used for 
isolated (e.g., text) scan lines, where distortion from 
10 speed non-uniformity is less noticeable, thereby improv- 
ing printing speed. Unidirectional printing that does not 
include printing in the critical zone is used for scan lines 
of continuous images, thereby alleviating image distor- 
tion from speed n on -uniformity where such distortion is 
is most noticeable. 

[0327] With respect to color images 302, each scan 
line recorded by a color print head such as print head 
62 in Figure 7 is 23 pixels high, as opposed to 1 27 pixels 
for a black print head or 63 pixels for black nozzles of a 
20 color print head. As a result, more scans of print heads 
100a and 100b are required to print a given sized color 
image with a color print head as compared to printing 
isolated or continuous images. Unidirectional printing 
might unacceptably slow such a printing operation, un- 
25 less extremely high quality output is desired. According- 
ly, bi-directional printing 309 is used to print color images 
302. Because bi-directional printing is used, left scan 
margin 307 is inserted before forward (left-to-right) 
scans of print heads 1 00a and 1 00b, and right scan mar- 
so gin 308 is inserted before reverse (right -to-left) scans of 
print heads 100a and 100b. 

[0328] As noted above, the foregoing combinations of 
scan margins and scan directions illustrated in Figure 
27A are applicable to standard mode printing on plain- 
ts paper recording medium 303. Other printing directions 
can result from different combinations of print mode, re- 
cording media type : print head configuration, and error 
diffusion mode. These different combinations and the 
resulting printing directions are explained in more detail 
40 below with reference to Figures 27C to 27G. If continu- 
ous or color images are recorded using these different 
combinations, scan margin 307 preferably is inserted 
before each scan line for unidirectional printing, and 
scan margins 307 and 310 preferably are inserted be- 
45 fore scan lines for bi-directional printing (margin 307 is 
inserted before forward scan lines, and margin 310 is 
inserted before reverse scan lines). 
[0329] Figure 27B is a representative view for describ- 
ing carriage direction control for scan lines which include 
so both non-color continuous and color image portions. As 
shown in Figure 27B, non-color continuous portions 
preferably are printed unidirectionally, and color por- 
tions preferably are printed bi-directionally. By printing 
the continuous portions unidirectionally, noticeable im- 
55 age distortion caused by carriage motor speed non-uni- 
formities is reduced. 

[0330] If a print head such as print head 62 shown in 
Figure 7 is used, then 23 color nozzles are used for each 
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pass of the print head for color portions, while 46 black 
nozzles are used for each pass of the print head for non- 
color portions. As a result, less passes are needed for 
the non-color portions, thereby compensating for the 
loss in speed that results from printing the non-color por- 
tions unidirectionally. 

[0331] Figures 27C to 27G provide a series of print 
mode tables containing printing schemes for printing an 
image using different combinations of print mode, re- 
cording media type, print head configuration, and error 
diffusion mode. More specifically, Figure 27C shows a 
Print Mode With High Speed Error Diffusion table, which 
contains multiple printing schemes for use by printer 10 
when printing an image with print heads 1 00a and 1 00b. 
Figure 27C contains six Factors for each particular print- 
ing scheme provided; they are: (1) Raster Resolution of 
the image to be printed; (2) Print Resolution of the image 
to be printed; (3) number of Passes and Direction for 
print heads 1 00a and 1 00b to scan over each scan line; 
(4) automatic sheet feed ("ASF") speed; (5) line feed 
fLF") speed; and (6) cartridge receptacle ("CR") speed. 
[0332] These six Factors vary from one printing 
scheme to the next depending on the print mode for im- 
age resolution, which can be Draft mode, Standard 
mode or High mode. The six Factors also very depend- 
ing on the mode of image quality which can be Regular 
mode or a Photo quality mode, and depending on the 
type of recording medium being used which can be 
Plain, Special 1 or Special 2. The Speed Identifications 
table shown in Figure 27D defines the speed in pulses 
per second for each particular mode of automatic sheet 
feed ("ASF") speed, line feed ("LF") speed, and car- 
tridge receptacle ("CR") speed. The Recording Media 
Types table shown in Figure 27E provides the types of 
recording media that fall into the categories of Plain, 
Special 1 and Special 2. For example, the Plain category 
includes plain paper, bubble jet paper, brochure paper, 
and greeting cards. The Special 1 category includes 
high resolution paper ("HR-1 01") ; and Special 2 catego- 
ry includes all other recording media types. 
[0333] Returning to the Print Mode With High Speed 
Error Diffusion table shown in Figure 27C, the various 
combinations of print modes and recording media types 
result in eighteen separate printing schemes for printing 
with alignment. For example, when a print job with align- 
ment is requested that requires use of the Standard print 
mode and the Regular image quality mode and the use 
of high resolution paper in the Special 1 category, a 
printing scheme is defined for the six Factors as follows: 
(1) Raster Resolution is 360 by 360 dpi; (2) Print Reso- 
lution is 720 by 720 dpi; (3) two Passes are required for 
print heads 100a and 100b to scan over each scan line 
and scanning is to take place in both directions; (4) ASF 
speed is set to normal; (5) LF speed is set to normal; 
and (6) cartridge receptacle CR speed is set to slow. 
Some of the printing schemes in Figure 27C are not ap- 
plicable by definition, such as an attempt to print a Photo 
quality image in Draft mode, or use of Special recording 



media in Draft mode. 

[0334] Certain printing schemes require the use of a 
sub-printing scheme ( B 1pass_U/B*1") shown in Figure 
27F, in which only one scan pass is utilized for printing 

s each scan and in which the scan direction and nozzle 
pattern to be utilized is determined by the type of print 
heads 100a and 100b installed in printer 10 and by the 
type of image to be printed on the current scan line. As 
discussed earlier, the type of print heads 100a and 1 00b 

10 installed in printer 1 0 can include any two print heads of 
from a selection of color ink print heads ("BC-21e") and/ 
or black ink print heads ("BC-23 U ). The type of image to 
be printed on a scan line can be either Isolated Black 
which is used during printing of lines of text, Continuous 

is Black which is used during a continuous section of black 
image such as a graphic, and In Color which is used 
during color printing. 

[0335] For example, the printing scheme for a print re- 
quest in Standard resolution mode and Regular image 

20 quality mode using Plain paper refers to the 1pass_U/ 
B*1 sub-printing scheme. If printer 10 contains one color 
ink print head and one black print head for print heads 
100a and 100b, and if the image to be printed on the 
current scan line is a continuous black graphic, then only 

25 one scan is required by print heads 100a and 100b to 
print the scan line. In addition, the color nozzles of the 
color ink print head are not utilized at all, 63 nozzles of 
black ink from the color ink print head are utilized for 
printing in only one direction, and 127 nozzles of the 

30 black ink print head are utilized for printing in only the 
forward direction (unidirectional scanning can occur in 
the forward or backward direction). Thus, the number of 
scan passes, printing direction, and nozzle selection is 
selected as part of the printing scheme in order to pro- 

35 vide reliable printing of a quality image based upon the 
types of print heads 100a and 100b installed in printer 
10, the type of image being printed on the current scan 
line, and upon the print modes and recording media type 
requested for the current print job. 

40 [0336] An embodiment of the present invention is par- 
ticularly reflected in the table shown in Figure 27F. Spe- 
cifically, Isolated Black is printed bi-directionally, Con- 
tinuous Black is printed unidirectionally (with a BC-21e 
and BC-23 print head combination), and Color is printed 

45 bi-directionally. 

[0337] Print Mode With Normal Error Diffusion table 
is shown in Figure 27G. This table also provides six Fac- 
tors for each particular printing scheme: they are: (1) 
Raster Resolution of the image to be printed; (2) Print 

50 Resolution of the image to be printed; (3) number of 
Passes and Direction for one of print heads 100a and 
100b to scan over each scan line; (4) automatic sheet 
feed ("ASF") speed; (5) line feed fLF") speed; and (6) 
cartridge receptacle ( M CR U ) speed. 

55 [0338] These six Factors vary from one printing 
scheme to the next depending on the print mode for im- 
age resolution, which can be Draft mode, Standard 
mode or High mode. The six Factors also very depend- 
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ing on the mode of image quality which can be Regular 
mode or a Photo quality mode, and depending on the 
type of recording medium being used which can be 
Plain, Special 1 or Special 2. The printing schemes for 
printing without alignment are therefore determined by 
the various combinations of print modes and recording 
media types. 

[0339] Figure 28 is a representative view for explain- 
ing movement of print heads according to the invention 
for a print operation. Shown in Figure 28 are carriage 
positions and scan margins for three scan lines 311 , 31 2 
and 313. For explanation purposes hereinbelow, scan 
line 311 is defined as a previous scan line, scan line 312 
is defined as a current scan line, and scan line 313 is 
defined as a next scan line. 

[0340] Shown for previous scan line 311 are LeftPos 

[A] (A_L1) 314 and FtightPos[A] (A_R1) 315 for print ar- 
ea 316 of print head 100a, LeftPos[B] (B_L1) 317 and 
RightPos[B] (B_R1 ) 31 8 lor print area 31 9 of print head 
100b, RangeLeft 320 and RangeRight 321 (or the com- 
bined print area, RampUp 322, and RampDown 323. 
Shown for current scan line 312 are LeftPos[A] (AJ_2) 
324 and RightPos[A] (A_R2) 325 for print area 326 of 
print head 100a, LeftPos[B] (B_L2) 327 and RightPos 

[B] (B_R2) 328 for print area 329 of print head 100b, 
RangeLeft 330 and RangeRight 331 for the combined 
print area, RampUp 332, and RampDown 333. Shown 
for next scan line 313 are LeftPos[A] (A_L3) 334 and 
RightPos[A] (A_R3) 335 for print area 336 of print head 
100a. LeftPos[B] (B_L3) 337 and RightPos[B] (B_R3) 
338 for print area 339 of print head 1 00b, RangeLeft 340 
and RangeRight 341 for the combined print area, and 
RampUp 342. 

[0341] The position values shown in Figure 28 run 
from left to right. Thus, a lower-valued position is to the 
left of a higher-valued position. 

[0342] The ramp ups and ramp downs are distances 
travelled by print heads 100a and 100b while carriage 
motor 39 accelerates to or decelerates from scanning 
speed. These distances preferably are represented by 
a constant value such as 25 steps of carriage motor 39, 
or 16 millimeters. 

[0343] The print operation illustrated in Figure 28 is 
representative of bi-directional printing with scan mar- 
gins. In more detail, after print heads 100a and 100b 
complete printing previous scan line 31 1 , the print heads 
are at RangeRight 321 . The print heads are then moved 
from RangeRight 321 to a right of RangeRight 331 for 
current scan line 31 2 by a distance equal to scan margin 
310 plus RampUp 332, so as to be ready to begin print- 
ing current scan line 31 2. After printing current scan line 
312, the print heads are at RangeLeft 330. The print 
heads are then moved from RangeLeft 330 to a left of 
RangeLeft 340 for next scan line 31 3 by a distance equal 
to scan margin 307 plus RampUp 342, so as to be ready 
to begin printing next scan line 31 3. 
[0344] If printing in Figure 28 were unidirectional, print 
heads 100a and 100b would move from RangeRight 



321 at the end of printing previous scan line 311 to the 
left of RangeLeft 330 for current scan line 312 by scan 
margin 307 plus RampUp 332 (which would be on the 
left of the Figure). 
s [0345] The operation of printer driver 84 and printer 
control 110 (i.e., printer firmware) in moving print heads 
100a and 100b is described next. 

5.1 .1 Printer Driver Initiated Operation 

10 

[0346] Figure 29 is a flowchart for describing a SKIP 
command issued by a printer driver according to an em- 
bodiment of the invention. This function is called from 
step S2008 in Figure 20 and is used to feed a recording 

is medium so as to advance a vertical print position by a 
number of raster lines specified by a Skip parameter. A 
SKIP command with an argument of zero is used to in- 
struct printer 10 to perform a nozzle-number-change 
prefire operation, as described below in Section 8.0. In 

20 order to advance from one isolated scan line to another 
isolated scan line, for example across whitespaces 305 
in Figure 27 A, the Skip argument corresponds to a dis- 
tance greater than a height of print heads 100a or 100b. 
[0347] In more detail, step S2901 determines if the 

25 Skip argument indicates a feed of zero lines. If the Skip 
argument is zero, flow proceeds to step S2902, where 
a nozzle-number-change-prefire request is sent to print- 
er control 1 1 0, as described in more detail below in Sec- 
tion 9.0. Otherwise, any pending nozzle-number-prefire 

30 request is resent in step S2903, and the recording me- 
dium is feed by Skip raster lines in step S2904. 
[0348] After an appropriate SKIP operation, a PRINT 
command is issued by printer driver 84 (See Figure 20). 
Figure 30 is a flowchart for describing the PRINT com- 

3S rnand according to an embodiment of the invention. 
[0349] In step S3001 , RangeLeft 330 for current scan 
line 312 is determined from LeftPos[A] 324 and LeftPos 
[B] 327, by setting RangeLeft 330 equal to the lesser of 
LeftPos[A] 324 and LeftPos[B] 327. Likewise, in step 

40 S3002, RangeRight 331 for current scan line 312 is de- 
termined from RightPos[AJ 325 and RightPos[B] 328, by 
setting RangeRight 331 equal to the greater of RightPos 

[A] 325 and RightPos[B] 328. 

[0350] In step S3003, RangeLeft 340 for next scan 
45 line 31 3 is determined from LeftPos[A) 334 and LeftPos 

[B] 337, by setting RangeLeft 340 equal to the lesser of 
LeftPos[A] 334 and LeftPos[B] 337. Likewise, in step 
S3004, RangeRight 341 for next scan line 31 3 is deter- 
mined from RightPosfA] 335 and RightPos[B] 338, by 

so setting RangeRight 341 equal to the greater of RightPos 
[A] 335 and RightPos[B] 338. 

[0351] The LeftPos and RightPos values used in 
steps S3001 through S3004 are defined through the 
EDGE command, explained in more detail below with 
55 reference to Figure 32. 

[0352] In step S3005, print information such as print 
direction, speed, scan margin, automatic trigger delay, 
and the like are stored for performance of a print oper- 
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ation. Setting of print direction is described below with 
reference to Figure 31 , of scan margin with reference to 
Figures 33 and 34, and of automatic trigger delay with 
reference to Figure 35. 

[0353] In step S3006, printer driver 84 instructs printer 
control 110 to initiate the carriage task, which is shown 
in more detail in Figures 36 to 38. The carriage task is 
responsible for positioning and scanning the print heads 
across a recording medium, during which time ink is 
ejected from the print heads. After the carriage task is 
initiated; step S3007 provides a two millisecond wait to 
allow printer control 110 to perform any necessary 
processing and communication with printer driver 84. 
Then, flow returns to Figure 20. 

[0354] Figure 31 is a flowchart for describing a DI- 
RECTION command issued by a printer driver accord- 
ing to the invention. In steps S3101, it is determined if 
the DIRECTION command is being called for current 
scan 31 2, in which case direction information for the cur- 
rent scan is set as Direction. Otherwise, in step S3103, 
it is determined if the DIRECTION command is being 
called for next scan 313, in which case direction infor- 
mation for the next scan is set as NextDirection. 
[0355] Direction and NextDirection can store values 
for forward and reverse scanning. In order to determine 
values for Direction and NextDirection, printer driver 84 
first determines if unidirectional or bi-directional printing 
is being performed. Unidirectional or bi-directional print- 
ing is determined based on print mode, recording media 
type, image type, print head configuration, and align- 
ment status for the print heads, as discussed in section 
6.0. Briefly, for standard-quality print mode with plain pa- 
per, unidirectional printing is used for continuous image 
types, and bi-directional printing is used for text and 
color image types, as explained above with reference to 
Figure 27A. 

[0356] If unidirectional printing is underway, Direction 
and NextDirection are set to forward printing. If bi-direc- 
tional printing is underway, Direction and NextDirection 
are set opposite to their values for previous scan 311 . 
[0357] Figure 32 is a flowchart for describing an 
EDGE command issued by a printer driver according to 
the invention. The Edge command specifies the left 
edge and the right edge of print position in units of col- 
umn position, lor both the current and the next scan line. 
Printer driver 84 preferably calculates these values 
based on input print data. 

[0358] In step S3201 , it is determined if EDGE is being 
called for print head 100a (print head A) or print head 
100b (print head B). If EDGE is called for print head A, 
flow proceeds to step S3202, where it is determined if 
EDGE is being called for current scan line 31 2, in which 
case step S3203 sets LeftPos[A] 324 and RightPos[A] 
325 for current scan line 31 2. Otherwise, it is determined 
in step S3204 that EDGE is being called for next scan 
line 313. In that case, step S3205 sets LeftPos[A] 334 
and RightPos[A] 335 for next scan line 313 
[0359] If EDGE is called for print head B, similar 



processing in steps S3206 through S3209 sets LeftPos 
[B] 327 and RightPos[B] 328 for current scan line 312 
and sets LeftPos[B] 337 and RightPos[B] 338 for next 
scan line 313. The LeftPos and RightPos values are 
5 used by printer control 1 1 0 to control movement of print 
heads 1 00a and 1 00b, as described in more detail below 
in Section 5.1.2. 

[0360] Figure 33 is a flowchart for describing determi- 
nation of a scan margin by a printer driver according to 

10 an embodiment of the invention. In step S3301, a print 
mode is checked. In step S3302, it is determined that a 
scan margin is needed if the print mode is continuous 
or color. If Direction from Figure 31 for current scan 312 
is forward, step S3303 directs flow to step S3304, where 

15 scan margin 307 for a forward scan is set. If Direction is 
reverse, step S3303 directs flow to step S3305, where 
scan margin 310 for a reverse scan is set. 
[0361] If it is determined in step S3302 that no scan 
margin is needed, which occurs for isolated scan line 

20 printing, flow proceeds from step S3302 to step S3306. 
If Direction from Figure 31 for current scan 312 is for- 
ward, step S3306 directs flow to step S3307, where a 
scan margin of zero (no-margin) is set for the forward 
scan. If Direction is reverse, step S3306 directs flow to 

2S step S3308, where a scan margin of zero (no-margin) 
is set for the reverse scan. 

[0362] Figure 34 is a flowchart for describing a 
NEXT_MARG IN command issued by a printer driver ac- 
cording to an embodiment of the invention. The 

30 NEXTJWARG1N command stores a value for a next 
scan margin in an appropriate one of ScanMarginLeft 
or ScanMarginRight. ScanMarginLeft is used if the next 
scan margin inserted into a scan line is a left scan mar- 
gin for a forward scan, and ScanMarginRight is used if 

3$ the next scan margin is a right scan margin for a reverse 
scan. Step S3401 determines if next scan line 313 is 
forward or reverse, and steps S3402 and S3403 store 
a margin value in ScanMarginLeft or ScanMarginRight, 
accordingly. 

40 [0363] Figure 35 is a flowchart for describing an 
ATJDELAY (automatic delay) command issued by a 
printer driver according to an embodiment of the inven- 
tion. The automatic delay is used to alleviate satelliting 
that can occur when printing in a reverse direction, as 

45 explained below with respect to Figures 39a, 39b : and 
40 to 42. This command sets the auto-trigger delay by 
specifying the scan direction as either forward or back- 
ward, and by specifying an auto-trigger delay time in 
units of 1 0 jasec up to a maximum auto-trigger delay time 

50 of 2,550 ^isec. Step S3501 determines if a next scan 
margin is for a forward or a reverse scan, and the value 
for the automatic delay is stored in AutoTriggerDe- 
layLeft or AutoTriggerDelayRight, respectively, in steps 
S3502 and S3503. 

55 

5.1.2 Print Control Operation 

[0364] Figure 36 is a flowchart for describing carriage 



32 

BNSDOCID: <EP 1 04481 6A2_I„> 



63 



EP 1 044 816 A2 



64 



task 244 performed by a printer control according to an 
embodiment of the invention. Communication between 
carriage task 244 and other tasks in printer 10 is ex- 
plained above with reference to Figure 18. In printer 10, 
carriage task 244 controls scanning of print heads 100a 
and 100b across carriage 41 as printing occurs in printer 
10. 

[0365] In step S3601 , carriage task 244 determines if 
printer driver 64 has sent a move or a print command to 
printer 10. If no move or print command has been sent, 
flow returns to engine control task 241 in Figure 18. If a 
move command is received, carriage task 244 in step 
S3602 executes a move process according to the argu- 
ments of the move command, and control again returns 
to engine control task 241 in Figure 18. If a print com- 
mand is received, flow proceeds to step S3604 for a print 
process, which starts with step S3605. 
[0366] In step S3605, carriage task 244 waits until 
movement of print heads 1 00a and 1 00b ceases at then 
end of a scan line. Flow then proceeds to step S3607 
for scan prefire processing, as explained in detail below 
in Section 9.0 

[0367] After scan prefire processing, flow proceeds to 
step S3608, where a scan direction for current scan 31 2 
is determined by examining Direction sot by print driver 
84 through the DIRECTION command shown in Figure 
31 . If the scan direction is forward, flow proceeds to step 
S3609; if the scan direction is reverse, flow proceeds to 
step S3612. 

[0368] If the scan direction is forward, CrStartPosL is 
calculated in step S3609 from RangeLeft 330 for current 
scan 312. CrStartPosL is a start position for the print 
heads for a next forward scan across a recording medi- 
um. In step S3610, carriage task 244 determines if the 
current position of the print heads, CrPosition, is less 
than or equal to CrStartPosL minus RampUp, a ramp 
up distance for carriage motor 39. If CrPosition is not 
less than or equal to CrStartPosL minus RampUp, then 
the print heads are to the right of CrStartPosL minus 
RampUp. Accordingly, carriage task 244 in step S3611 
moves the print heads left to CrStartPosL minus Ram- 
pUp. Furthermore, because the print heads are moving 
to a start of the scan line, flow returns to step S3607 so 
as to perform any needed prefire processing before the 
scan line is started. Steps S3607 through S3611 are re- 
peated until CrPosition is less than or equal to CrStart- 
PosL minus RampUp, at which point the print heads are 
at the start of the forward scan line. Flow then proceeds 
to step S3615. 

[0369] If the print direction is reverse, CrStartPosR is 
calculated in step S3612 from RangeRight 331 for cur- 
rent scan 31 2. CrStartPosR is a start position for the 
print heads for a next reverse scan across a recording 
medium. In step S361 3, carriage task 244 determines if 
the current position of the print heads, CrPosition, is 
greater than or equal to CrStartPosR plus RampUp, a 
ramp up distance for carriage motor 39. If CrPosition is 
not greater than or equal to CrStartPosR plus RampUp. 



then the print heads are to the left of CrStartPosR plus 
RampUp. Accordingly, carriage task 244 in step S3614 
moves the print heads right to CrStartPosR plus Ram- 
pUp. Furthermore, because the print heads are moving 

5 to a start of a scan line, flow returns to step S3607 so 
as to perform any needed prefire processing before the 
scan line is started. Steps S3607, S3608 and S3612 
through S3614 are repeated until CrPosition is greater 
than or equal to CrStartPosR plus RampUp, at which 

10 point the print heads are at the start of the reverse scan 
line. Flow then proceeds to step S3615. 
[0370] In step S3615, print information is retrieved. 
This print information was stored by printer control 110 
in response to a PRINT command from printer driver 84, 

is as shown in Figure 30. Relevant parts of the print infor- 
mation, such as automatic trigger delay, droplet size, 
heat pulse control and buffer control, are sent in step 
S361 6 to other tasks running on printer control 1 1 0, such 
as heat control handler 254. 

20 [0371] In step S361 7, carriage control parameters are 
prepared. This control parameters are used to control 
carriage motor driver 39a, which in turn controls carriage 
motor 39. Examples of the control parameters include 
control method (half/full/quarter), RampUp Table, 

25 RampDown Table, RampUpSteps, ConstantSteps, 
RampDownSteps, CrH eat Start Position, CrHeatEnd- 
Count, CrScanEndPosition, CrStopPosition, etc. 
[0372] The carriage motor is started in step S3618, 
and an automatic triggering mechanism controlled by 

30 printer control 110 causes print heads 100a and 100b 
to eject ink as the print heads are scanned across a re- 
cording medium by carriage motor 29. This triggering 
mechanism is explained in more detail below with re- 
spect to Figures 40 through 42. 

35 [0373] After the carriage motor is started, step S361 9 
determines if bi-directional or unidirectional printing is 
being used. For standard mode printing, the type of 
printing is determined based on print mode (e.g., isolat- 
ed, continuous, or color). As discussed above with re- 

40 spect to Figures 27C to 27G, the type of printing also 
can depend on recording media type, print head config- 
uration, error diffusion mode, and the like. If bi-direction- 
al printing is being used, flow proceeds to step S3620 
for carriage scan control 1 illustrated in Figure 37. If uni- 

45 directional printing is being used, flow proceeds to step 
S3621 for carriage scan control 2 illustrated in Figure 38. 
[0374] Figure 37 is a flowchart for describing a first 
carriage scan control called by carriage task 244 of Fig- 
ure 36 for bi-directional printing. 

50 [0375] Carriage task 244 in step S3701 determines if 
Direction for the current scan is forward (left) and Nex- 
tDirection for the next scan is reverse (right), in which 
case steps S3702 through S3707 are performed. Oth- 
erwise, carriage task 244 in step S3708 determines if 

55 Direction for the current scan is reverse (right) and Nex- 
tDirection for the next scan is forward (left), in which 
case steps S3709 through S3714 are performed. 
[0376] For a forward current scan line, CrStartPosR 
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for next scan 31 3 is calculated in step S3702 from Rang- 
eRight 341 for next scan 313. Then, in step S3703, 
TempNewPos is calculated from CrStartPosR plus 
ScanMarginRight plus RampUp. ScanMarginRight pref- 
erably is part of the information calculated by printer 
control 110 in response to a NEXT_MARGIN command 
(see Figure 34). If a margin is to be inserted before the 
reverse next scan, ScanMarginRight contains the size 
of the margin. If a margin is not to be inserted : Scan- 
MarginRight contains no-margin (zero), 
[0377] Carriage task 244 in step S3704 determines if 
TempNewPos is less than MaxPos, the right-most posi- 
tion possible for print heads 100a and 100b. If Temp- 
NewPos is not less than MaxPos, then TempNewPos is 
an invalid position to the right of MaxPos. Accordingly, 
TempNewPos is set equal to MaxPos in step S3705. Af- 
ter steps S3704 and S3705, TempNewPos is equal to 
the start of the next (reverse) scan line, accounting for 
scan margin and motor ramp up. 

[0378] It is determined in step S3706 if CrScanEnd- 
Pos is less than TempNewPos. CrScanEndPos is the 
position for print heads 1 00a and 1 00b after printing the 
current (forward) scan line. Thus, if CrScanEndPos is 
less than TempNewPos, the current forward scan line 
ends before the next reverse scan line begins. In that 
case, step S3707 updates CrScanEndPos with Temp- 
NewPos, thereby extending the current scan line to the 
start of the next scan line. 

[0379] For a reverse current scan line, CrStartPosL 
for next scan 313 is calculated in step S3709 from 
RangeLeft 340 for next scan 313. Then, in step S3710, 
TempNewPos is calculated from CrStartPosL minus 
ScanMarginLeft minus RampUp. ScanMarginLeft pref- 
erably is part of the information calculated by printer 
control 11 0 in response to a NEXT_MARGI N command 
(see Figure 34). If a margin is to be inserted before the 
forward next scan, ScanMarginLeft contains the size of 
the margin. If a margin is not to be inserted, ScanMar- 
ginLeft contains no-margin (zero). 
[0380] Carriage task 244 in step S3711 determines if 
TempNewPos is greater than MinPos, the left-most po- 
sition possible for print heads 100a and 100b. If Temp- 
NewPos is not greater than MinPos, then TempNewPos 
an invalid position to the left of MinPos. Accordingly, 
TempNewPos is set equal to MinPos in step S3712. Af- 
ter steps S3711 and S3712, TempNewPos is equal to 
the start of the next (forward) scan line, accounting for 
scan margin and motor ramp up. 

[0381] It is determined in step S3713 if CrScanEnd- 
Pos is greater than TempNewPos. CrScanEndPos is the 
position for print heads 1 00a and 1 00b after printing the 
current (reverse) scan line. Thus, if CrScanEndPos is 
greater than TempNewPos, the current reverse scan 
line ends before the next forward scan line begins. In 
that case, step S3714 updates CrScanEndPos with 
TempNewPos, thereby extending the current scan line 
to the start of the next scan line. 

[0382] Figure 38 is a flowchart for describing a second 



carriage scan control called by the carriage task of Fig- 
ure 36 for unidirectional printing. 
[0383] Carriage task 244 in step S3801 determines if 
Direction for the current scan is forward (left) and Nex- 

5 tDirection for the next scan is forward (left), in which 
case steps S3802 through S3807 are performed. Oth- 
erwise, carriage task 244 in step S3808 determines if 
Direction for the current scan is reverse (right) and Nex- 
tDirection for the next scan is reverse (right), in which 

10 case steps S3809 through S381 4 are performed. 

[0384] For forward scanning, CrStartPosL for next 
scan 313 is calculated in step S3802 from RangeLeft 

340 for next scan 31 3. Then, in step S3803, TempNew- 
Pos is calculated from CrStartPosL minus ScanMargin- 

*s Left minus RampUp. ScanMarginLeft preferably is cal- 
culated by printer control 110 in response to a 
NEXTJvlARGIN command (see Figure 34). If a margin 
is to be inserted before the next scan, ScanMarginLeft 
contains the size of the margin. If a margin is not to be 
inserted, ScanMarginLeft contains no-margin (zero). 
[0385] Carriage task 244 in step S3804 determines if 
TempNewPos is greater then MinPos, the left-most po- 
sition possible for print heads 100a and 100b. If Temp- 
NewPos is not greater than MinPos, then TempNewPos 
is an invalid position to the left of MinPos. Accordingly, 
TempNewPos is set equal to MinPos in step S3805. Af- 
ter steps S3804 and S3805, TempNewPos is equal to 
the start of the next (forward) scan line, accounting for 
scan margin and motor ramp up. 

[0386] In step S3806, the carriage control waits until 
the current scan line is finished. Then, in step S3807, 
the carriage control moves print heads 100a and 100b 
to TempNewPos for the start of a next forward scan line. 
Control is then returned to Figure 36. 
[0387] For reverse scanning, CrStartPosR for next 
scan 313 is calculated in step S3809 from RangeRight 

341 for next scan 313. Then, in step S3810, TempNew- 
Pos is calculated from CrStartPosR plus ScanMargin- 
Right plus RampUp. ScanMarginRight preferably is cal- 
culated by printer control 110 in response to a 
NEXTJvlARGIN command (see Figure 34). If a margin 
is to be inserted before the forward next scan, ScanMar- 
ginRight contains the size of the margin. If a margin is 
not to be inserted, ScanMarginRight contains no-margin 
(zero). 

[0388] Carriage task 244 in step S3811 determines if 
TempNewPos is less than MaxPos, the right-most posi- 
tion possible for print heads 100a and 100b. If Temp- 
NewPos is not less than MaxPos, then TempNewPos 
an invalid position to the right of MaxPos. Accordingly, 
TempNewPos is set equal to MaxPos in step S3812. Af- 
ter steps S3811 and S3812, TempNewPos is equal to 
the start of the next (reverse) scan line, accounting for 
scan margin and motor ramp up. 

[0389] In step S3813, the carriage control waits until 
the current scan line is finished. Then, in step S3814, 
the carriage control moves print heads 100a and 100b 
to TempNewPos for the start of a next reverse scan line. 
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Control is then returned to Figure 36. 

5.2 Automatic Ink Ejection and Satelliting Control 

[0390] Figures 39a and 39b are representative views $ 
for describing satelliting control according to the inven- 
tion. Figure 39a illustrates image degradation that can 
occur due to satelliting, particularly with high-speed 
scanning of print heads across a recording medium as 
ink is ejected from those print heads. When a main drop- 
let of ink is ejected from an ink jet print head so as to 
record a pixel, a small satellite droplet often is also eject- 
ed. Ink jet print heads typically are angled slightly with 
respect to a recording medium so that the satellite drop- 
let overlaps the main droplet when the print head is 
scanned across a recording medium in a forward direc- 
tion. However, in the reverse direction, this angling 
tends to cause the satellite droplet to land near an edge 
of or even outside of the main droplet, resulting in a small 
satellite being recorded next to each recorded pixel dur- 
ing a reverse scan. 

[0391] Accordingly, Figure 39a shows pixels 351 
printed by ejecting ink during forward scans and pixels 
352 printed by ejecting ink during reverse scans. Pixels 
352 are accompanied by satellites 353, forming jagged 
side 355 for the column of pixels. Jagged left side 355 
can noticeably degrade image quality, particularly in a 
case of continuous images (i.e., non-color graphics). 
[0392] Figure 39b shows pixels printed according to 
the invention so as to reduce image degradation due to 
satelliting. 

[0393] Briefly, image degradation due to satelliting 
can be addressed for forward and reverse printing on a 
recording medium by reciprocal forward and reverse 
scans of a print head in accordance with print data. Ac- 
cording to an embodiment of this invention, print data is 
printed in one direction of the reciprocal forward and re- 
verse scans of the print head, and print data is printed 
in another direction of the reciprocal forward and re- 
verse scans so that the printed data in the other direction 
is laterally shifted a predetermined distance as com- 
pared to printing where each pixel printed in the other 
direction vertically matches each pixel printed in the one 
direction. Preferably, the predetermined distance is a 
distance corresponding one fourth of a printed pixel. 
This lateral shift tends to mask satelliting effects, partic- 
ularly in the case of printing continuous image data. 
[0394] In Figure 39b, pixels 362 printed during re- 
verse scans have been offset by AT_DELAY 360, shown 
as a one fourth pixel delay : from pixels 361 printed dur- 
ing forward scans. As a result, any unevenness in the 
printed column of pixels is split between left side 365 
and right side 366. The offset tends to mask the satel- 
lites, rendering them far less noticeable. 
[0395] As mentioned above, satelliting is more notice- 
able in continuous image data. Accordingly, in the pre- 
ferred embodiment of the invention, the foregoing pixel 
shifts are applied only to reverse scans for recording 



continuous images. The pixel shifts preferably are not 
applied to isolated (e.g., text) or color images. 
[0396] Figures 40 through 42 explain automatic ink 
ejection while a print head is scanned across a recording 
medium, wherein the automatic ink ejection adds a de- 
lay to pixels printed in a reverse direction. Briefly, an 
AT_DELAY command from printer driver 84 sets an au- 
tomatic trigger delay corresponding to one fourth of a 
pixel for reverse scan lines, and an automatic trigger de- 
lay of zero for forward scan lines. 
[0397] Figure 40 is a flowchart for describing carriage 
motor start performed by printer control according to the 
invention. CR MOTOR START is received from step 
S361 8 of the carriage task operation illustrated in Figure 
36. In response, a hardware timer for the carriage motor 
interrupts is initiated in step S4001 . This hardware timer 
is used to perform carriage motor control, as explained 
with reference to Figures 41 and 42 bebw. Carriage mo- 
tor driver 39a is initiated in step S4002, and a look-up 
table is updated in step S4003. The look up table is used 
during carriage motor control, such as to define times 
and to set phase current mode for driving the carriage 
motor. Control then returns to Figure 36. 
[0398] Figure 41 a flowchart for describing a carriage 
interrupt process performed by a printer control accord- 
ing to the invention. This process is initiated by step 
S4001 in Figure 40. In step S4101 , an interrupt occurs, 
activating carriage interrupt process S4102. 
[0399] The interrupt process of Figure 41 determines 
in step S4103 if motor 39 is ramping up. !f motor 39 is 
ramping up, the motor is driven so as to reach its target 
speed in step S4104. CrPosition, the current position of 
print heads 100a and 100b, is updated in step S4105, 
and a counter and look up table for carriage motor con- 
trol are updated in step S4106. 

[0400] If motor 39 is not ramping up, step S4107 de- 
termines if the motor is operating in a constant-speed (i. 
e., printing) region. If the motor is operating in a con- 
stant-speed region, steps S4108 and S4109 drive the 
motor and update CrPosition. Step S4110 then initiates 
automatic trigger control, as explained in more detail be- 
low with respect to Figure 42 : so as to eject ink from the 
print heads as the motor scans the print heads across 
a recording medium. Then, a counter and look up table 
for carriage motor control are updated in step S4111 . 
[0401] In step S4112, it is determined if motor 39 is 
ramping down, in which case flow proceeds to step 
S41 1 3. The motor is driven is step S41 1 3, CrPosition for 
the motor is updated in step S4114, and a counter and 
look up table for carriage motor control are updated in 
step S4115. 

[0402] If motor 39 is not ramping down at step S41 1 2, 
then motor 39 has stopped. Accordingly, motor control 
is stopped in S4116, and the hardware timer for motor 
interrupts is stopped. 

[0403] Figure 42 is a flowchart for describing automat- 
ic triggering of nozzles of print heads, including use of 
automatic trigger delay by printer control so as to mask 
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satelliting according to the invention. The automatic trig- 
gering preferably is performed by printer control 110, 
and the automatic trigger delay preferably is supplied to 
printer control 110 from printer driver 84 through the 
AT_DELAY command described above with reference 
to Figure 35. According to the invention, printer driver 
84 sets the automatic trigger delay for forward scans to 
zero, and printer driver 84 sets the automatic trigger de- 
lay for reverse scans to a time for print heads 100a and 
100b to traverse one fourth of a pixel. 
[0404] Turning to Figure 42, in step S4201, printer 
control 110 determines if heating for nozzles of a print 
head is on. If heating is on : printer control 1 1 0 automat- 
ically drives print head nozzles to eject ink while the print 
heads are scanned across a recording medium. Flow 
proceeds to step S4202, where it is determined if 
CrHeatEndCount[A] equals zero. If CrHeatEndCount[A] 
is not equal to zero, it is decremented in step S4203. 
Likewise, it is determined if CrHeadEndCount[B] equals 
zero in step S4204, and if CrHeatEndCount[B] is not 
equal to zero, it is decremented in step S4205. 
[0405] In step S4206, it is determined if both CrHea- 
tEndCount[A] and CrHeatEndCount[B] are equal to ze- 
ro, in which case heat control registers in printer control 
1 10 are reset and heating is turned off. When heating is 
off, ink is not ejected from the print heads. 
[0406] Returning to step S4201 , if heating is off when 
automatic trigger control is called from the carriage in- 
terrupt process, flow proceeds to step S4209. In step 
S4209, printercontrol 110 determines if the current scan 
line direction is forward (left), based on a DIRECTION 
command from printer driver 84 If the direction is for- 
ward, steps S4210 and S4211 determine if CrPosition, 
the current print head position, is greater than or equal 
to CrHeatStartPos for print head A or B, in which case 
flow proceeds to step S4212 through S4214. 
[0407] In step S4212, a software loop introduces an 
automatic trigger delay into the automatic trigger con- 
trol. The duration of the delay is set by printer driver 84 
through the AT_DELAY command. However, because 
S4212 is reached only if the current scan direction is 
forward, the delay set by AT_DELAY according to the 
invention preferably is zero (no-margin). Therefore, flow 
proceeds immediately to steps S4213and S4214, were 
AutoTrigger and heating are turned on so as to allow for 
automatic ejection of ink for print heads scanned across 
a recording medium. 

[0408] Returning to step S4209, if the current scan di- 
rection is not forward, flow proceeds to step S4215, 
where it is determined if the current scan line direction 
is reverse (right). If the direction is reverse, stepsS4216 
and S4217 determine if CrPosition, the current print 
head position, is less than or equal to CrHeatStartPos 
for print head A or B, in which case flow proceeds to 
step S4216 through S4219. 

[0409] In step S4218, a software loop introduces an 
automatic trigger delay into the automatic trigger con- 
trol. The duration of the delay is set by printer driver 84 



through the AT_DELAY command. In order to offset pix- 
els printed in the reverse direction, printer driver 84 pref- 
erably sets the delay equal to a time require for print 
heads 100a and 100b to traverse one fourth of a pixel. 

s After the delay, flow proceeds immediately to steps 
S4219 and S4220, where AutoTrigger and heating are 
turned on so as to allow for automatic ejection of ink for 
print heads scanned across a recording medium. 
[0410] By virtue of the foregoing, a shift is introduced 

10 into pixels printed in the reverse direction, thereby tend- 
ing to mask satellites that accompany those pixels. 

6 0 Printer Control Based On Head Alignment 

15 [0411] In brief, this section is a description of an em- 
bodiment of the present invention whereby a printing 
system is provided for a multiple print head printer in 
which it is determined whether the print heads are ef- 
fectively aligned and in which one of multiple different 

20 printing schemes for controlling the printing of print data 
is then selected based upon the aforementioned align- 
ment determination. Specifically, the present invention 
relates to a printer driver 84 that notifies the user if print 
heads 100a and 100b need to be aligned once a print 

25 job is requested by the user. If the user chooses to con- 
tinue the print request without performing the alignment 
process, printer driver 84 directs printer 10 to print the 
requested image by using only one of print heads 100a 
and 1 00b, thereby reducing the adverse effects caused 

30 by misalignment of print heads 100a and 100b. 

[0412] In a related aspect, when the user has chosen 
not to perform the alignment process after being prompt- 
ed to do so by printer driver 84, printer driver 84 also 
directs printer 10 to print the requested image by later- 

35 ally scanning print heads 1 00a and 1 00b in one direction 
only In this manner, the image quality is improved when 
printing in a no-alignment mode because unidirectional, 
rather than bi-directional, scanning of print heads 100a 
and 100b results in a higher quality printed image when 

40 print heads 100a and 100b are not aligned. 

[0413] As described above, printer 10 includes car- 
tridge receptacles 37a and 37b which hold ink cartridges 
43a and 43b having print heads 100a and 100b. Printer 
10 prints an image on a recording medium by laterally 

^5 scanning print heads 100a and 100b across the record- 
ing medium while directing print heads 100a and 100b 
to print image data. The manner in which printer driver 
84 directs print heads 100a and 100b to scan the re- 
cording medium for printing the image depends upon 

50 several factors including the type of image being printed, 
the desired resolution, and the type of recording medium 
being used. For example, printer driver 84 may com- 
mand printer 1 0 to print an image according to a printing 
scheme whereby print heads 100a and 100b are 

55 scanned across the same scan line of the recording me- 
dium several times in succession in order to improve the 
image quality. The same printing scheme may also di- 
rect printer 10 to print the current scan line first in one 



BNSDOCJD: <EP 1044816A2J_> 



36 



71 



EP 1 044 816 A2 



72 



direction and then in the other direction; e.g. bidirection- 
al printing. The printing scheme may also direct a speed 
for carriage motor 39 to control print head speed during 
printing and may direct the use of a particular pattern of 
print head nozzles on print heads 100a and 100b to $ 
achieve the printed image desired by the user. Various 
printing schemes can be utilized based upon combina- 
tions of the aforementioned factors. Printer driver 84 se- 
lects a particular printing scheme to achieve the desired 
image quality according to the type of recording media, 
print modes and other print-related conditions being uti- 
lized for a given job print request. 
[0414] An alignment process (not shown) is provided 
by printer driver 84 for directing printer 10 to align print 
heads 1 00a and 1 00b when printer driver 84 detects that 
print heads 1 00a and 1 00b are not known to be aligned. 
Print heads 100a and 100b may be misaligned either 
because they are not aligned with respect to each other, 
or because their individual positions within printer 1 0 are 
not in their properaligned positions, respectively. If print- 
er driver 84 determines that print heads 1 00a and 100b 
may be in a misaligned state, printer driver 84 prompts 
the user to initiate the alignment process when the user 
initiates a print job request. If the user chooses to initiate 
the alignment process, printer driver 84 performs the 
alignment process after which print heads 100a and 
100b are presumed to be sufficiently aligned by printer 
driver 84. If the user chooses not to perform the align- 
ment process : printer driver selects only one of print 
heads 100a and 100b for printing the image, and also 
selects a particular printing scheme to control the se- 
lected print head during printing such that the selected 
print head is directed to print the image while scanning 
the recording medium in only one direction. As a result 
of the present invention, the user is allowed to proceed 
with a print request when print heads 100a and 100b 
are in a misaligned state by utilizing a predetermined 
printing scheme for directing printer 10 to print the re- 
quested image using only one of print heads 100a and 
100b, thereby improving the quality of the printed image 
when print heads 100a and 100b are in a misaligned 
state. 

[0415] In a preferred embodiment of the present in- 
vention, a print request is denied by the printer driver if 
it is determined that print heads 100a and 100b may be 
misaligned and if the user's print request requires the 
use of a particular print mode that cannot be supported 
by using only one print head in a no-alignment situation. 
[0416] Figure 43 is a flow diagram which depicts a 
software alignment process for executbn within printer 
driver 84 of the embodiment of the present invention. 
The process begins in step S4301 in which printer driver 
84 receives a print request job from the user via an ap- 
plication software module 82. Printer driver 84 first de- 
termines whether print heads 100a and 100b are 
aligned in step S4302. Printer driver 84 determines 
whether print heads 1 00a and 100b may be misaligned 
based upon the status of the printer and other condi- 



tions, such as: (1) an indication from printer 10 that the 
user has changed one or both of ink cartridges 43a and 
43b in the printer; (2) an indication that a specified 
amount of time or a specified number of print jobs has 
elapsed since the last time the alignment process was 
performed, or (3) an indication from printer 10 that print 
heads 100a and 100b are misaligned. 
[0417] If it is determined that print heads 100a and 
100b are sufficiently aligned in step S4302, printer 10 is 
directed by print driver 84 to print the requested print job 
pursuant to commands and data provided to printer 10 
by print driver 84 (step S4303). Therefore, in the case 
when print heads 100a and 100b do not need further 
alignment, a particular printing scheme is selected by 
printer driver 84 to provide for reliable printing of a qual- 
ity image in accordance with the print modes and print- 
related conditions of the current print job request (step 
S4303). The selection of a particular printing scheme by 
printer driver 84 for printing with alignment is discussed 
in more detail below in reference to Figure 44. 
[0418] If printer driver 84 determines that print heads 
100a and 100b are not sufficiently aligned in step 
S4302, a determination is then made whether the user 
has requested the use of a photo-quality mode to print 
the current print job (step 4304). If a photo-quality mode 
is selected for the current print job, a dialog box is then 
displayed on display 4 (step S4305) asking if the user 
would like to initiate the alignment process to align print 
heads 1 00a and 1 00b. If the user indicates via keyboard 
5 or pointing device 6 to not perform the alignment proc- 
ess (step S4307), the print job is cancelled (step S4308) 
because the image cannot be printed in a photo<|uality 
mode without using two aligned print heads 100a and 
100b. 

[0419] If the user decides to perform the alignment 
process (step S4307), control passes to step S4312 in 
which printer driver 84 initiates the alignment process. 
After the alignment process is complete, printer driver 
84 directs printer 10 to print the requested print job pur- 
suant to the commands and data provided to printer 10 
by print driver 84 in accordance with a particular printing 
scheme for printing with alignment (step S4303). 
[0420] If a photo-quality mode is not selected for this 
print job (step 4304), printer driver 84 next asks the user, 
via a dialog box on display 4, if the user would like to 
see a message regarding misalignment of print heads 
100a and 100b (step S4306). If the user does not want 
to see the misalignment message, control is directed to 
step S4316 in which printer driver 84 directs printer 10 
to print the requested print job pursuant to the com- 
mands and data provided by printer driver 84 in accord- 
ance with a particular printing scheme for printing with- 
out alignment (step S431 6). The selection of a particular 
printing scheme by printer driver 84 for printing without 
alignment is depicted in more detail below in reference 
to Figure 44. 

[0421] If the user wants to see the misalignment mes- 
sage, control is directed to step S4309 in which printer 
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driver 84 displays a dialog box on display 4 (step S4309) 
asking if the user would like to initiate the alignment 
process to align print heads 100a and 100b. If the user 
decides to cancel the print request after reading the di- 
alog box, (step S4310) : the print job is cancelled (step s 
S4311). If the user decides after reading the dialog box 
to initiate the alignment process, (step S4310), control 
passes to step S4312 in which printer driver 84 initiates 
the alignment process. After the alignment process is 
complete, printer driver 84 directs printer 1 0 to print the 10 
requested print job pursuant to the commands and data 
provided to printer 10 by print driver 84 in accordance 
with a particular printing scheme for printing with align- 
ment (step S4303). If the user decides after reading the 
dialog box not to initiate the alignment process, (step is 
S4310), the user is asked via a dialog box on display 4 
whether the user would like to be notified in the future 
of the misalignment of print heads 1 00a and 1 00b when- 
ever another print job is requested (step S4313). If the 
user decides to not see the misalignment message in 20 
the future (step S4314), the message is turned off and 
prevented from being displayed in the future until the 
user changes one or both of ink cartridges 43a and 43b 
(step S4315). Control is then directed to step S4316 to 
print the requested print job as dicussed in further detail 2s 
below. If the user decides to continue seeing the mis- 
alignment message in the future (step S4314), control 
is directed to step S4316 in which printer driver 84 di- 
rects printer 10 to print the print job pursuant to com- 
mands and data provided by printer driver 84 according 30 
to a printing scheme for printing without alignment (step 
S4316). 

[0422] Upon starting the printing without alignment in 
step S4316, control is directed to step S4317 in which 
printer driver 84 determines whether print heads 100a 35 
and 100b comprise a particular combination wherein 
one print head is capable of printing color ink, including 
black ink, and the other print head is capable of printing 
black ink only (step S4317). In the preferred mode, if 
printer 10 contains a print head that is capable of printing 40 
both color ink and black ink, that print head is print head 
100a and must be positioned in carriage receptacle 37a 
and the other print head is print head 1 00b and must be 
positioned in carriage receptacle 37b regardless of the 
type of the other print head. If printer 1 0 contains a color 
ink print head and a black ink print head (step 4317), 
printer driver 84 next determines whether the print job 
requires the image to be printed in black ink only (step 
S4318). If the print job is to be printed using black ink 
only (step S431 8), printer driver 84 directs printer 10 to so 
print the print job using only the black ink print head, 
which is print head 100b in the preferred embodiment 
(step 4319). If, in the alternative, the print job requires 
the use of color ink, (step S4318), printer driver 84 di- 
rects printer 10 to print the print job using only the color 55 
ink print head, which is print head 100a in the preferred 
embodiment (step 4320). 

[0423] For all other possible combinations of print 



heads 100a and 100b in step S4317, such as two black 
ink print heads or two color ink print heads, printer driver 
84 directs printer 10 to print the print job using only the 
color ink print head, which is print head 100a in the pre- 
ferred embodiment (step 4320). The above arrange- 
ment therefore allows the user to proceed with a print 
job request whenever possible, even if print heads 100a 
and 1 00b are not sufficiently aligned and the user does 
not wish to initiate the alignment process. Moreover, in 
such a situation, printer driver 84 selects only one print 
head to use in conjunction with a particular printing 
scheme so as to provide reliable printing of a quality im- 
age when print heads 1 00a and 1 00b are not sufficiently 
aligned. 

[0424] Figure 44 provides a series of print mode ta- 
bles containing printing schemes for printing an image 
with alignment, e.g. when the alignment process has 
been performed, and for printing an image without align- 
ment pursuant to the printer driver software alignment 
process of Figure 43. More specifically, Print Mode With 
Alignment table 385 contains multiple printing schemes 
for use by printer 1 0 when printing an image with aligned 
print heads 100a and 100b as referenced in step S4303 
of Figure 43. Table 385 generally contains two attributes 
for each particular printing scheme provided; they are: 
(1) Print Resolution; and (2) (3) the number of scan 
Passes and print Direction during which print heads 
100a and 1 00b are to print the image. 
[0425] These attributes vary from one printing 
scheme to the next depending on the print mode for im- 
age resolution, which can be Draft mode, Standard 
mode or High mode. The attributes also vary depending 
on the mode of image quality which can be either Reg- 
ular mode or a Photo quality mode, and depending on 
the type of recording medium being used which can be 
Plain Paper, High Resolution or Glossy. Returning to 
Print Mode With Alignment table 385, the various com- 
binations of print modes and recording media types re- 
sult in twelve separate printing schemes for printing with 
alignment. For example, when printing with alignment 
requires use of the Standard print mode, the Regular 
image quality mode and High Resolution paper, a print- 
ing scheme is defined by the attributes in table 385 as 
follows: (1) Print Resolution is 720 by 720 dpi; and (2) 
two Passes are required for print heads 100a and 100b 
to scan over each printed scan line and printing is to be 
performed in both directions (bidirectional). Some of the 
printing schemes in table 385 are not applicable by def- 
inition, such as an attempt to print a Photo quality image 
in Draft mode, or the use of Glossy recording medium 
in Draft mode. 

[0426] Certain printing schemes depicted in table 385 
require the use of a sub-printing scheme, B 1pass_U/ 
B*1 as shown in table 386 of Figure 44. The "1 pass_U/ 
B*1" sub-printing scheme provides printing schemes in 
which only one scan pass is utilized for printing each 
scan and in which the scan direction and nozzle pattern 
to be utilized are determined by the type of print heads 
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100a and 100b that are installed in printer 10 and by the 
type of image to be printed on the current scan line. As 
discussed earlier, the type of print heads 100a and 100b 
installed in printer 10 can include any two print heads 
from a selection of color ink print heads ("BC-21 e") and 
black ink print heads ("BC-23"). The type of image to be 
printed on a scan line can be Isolated Black, which refers 
to successive lines of text, Continuous Black, which is 
a continuous section of black or grey-scale image such 
as a graphic, or In Color, which is color text and/or im- 
age. 

[0427] Pursuant to the Print Mode with Alignment ta- 
ble 335, it is seen that the printing scheme correspond- 
ing to a print request in Standard resolution mode and 
Regular image quality mode using Plain paper refers to 
the 1pass_U/B*1 sub-printing scheme. Turning to table 
386, if the image to be printed on the current scan line 
is a continuous black graphic, then only one scan pass 
is required for print heads 100a and 100b to print the 
scan line. In addition, the color nozzles of the color ink 
print head are not utilized at all, 63 nozzles of black ink 
from the color ink print head are utilized for printing in 
only one direction (unidirectional), and 127 nozzles of 
the black ink print head are utilized for printing in only 
the forward direction (unidirectional scanning can occur 
in the forward or backward direction). Thus, the number 
of scan passes, printing direction, and nozzle selection 
are selected as part of the printing scheme in order to 
provide reliable printing of a quality image based upon 
the types ol print heads 100a and 100b installed in print- 
er 10, the type of image being printed on the current 
scan line, and upon the print modes and recording me- 
dium type requested for the current print job. 
[0428] Print Mode Without Alignment table 387 con- 
tains multiple printing schemes for use by printer 10 
when printing an image without aligned print heads 1 00a 
and 100b as referenced in step S4316 of Figure 43. Ta- 
ble 387 generally contains two attributes for each par- 
ticular printing scheme provided; they are: (1 ) Print Res- 
olution; and (2) (3) the number of scan Passes and print 
Direction during which print heads 100a and 100b are 
to print the image. 

[0429] These attributes vary from one printing 
scheme to the next depending on the print mode for im- 
age resolution, which can be Draft mode, Standard 
mode or High mode. The attributes also vary depending 
on the mode of image quality which can be either Reg- 
ular mode or a Photo quality mode, and depending on 
the type of recording medium being used which can be 
Plain Paper, High Resolution or Glossy. Returning to 
Print Mode Without Alignment table 387, the various 
combinations of print modes and recording media types 
result in twelve separate printing schemes for printing 
with alignment. For example, when printing with align- 
ment requires use of the Standard print mode, the Reg- 
ular image quality mode and High Resolution paper, a 
printing scheme is defined by the attributes in table 387 
as follows: (1 ) Print Resolution is 720 by 720 dpi; and 



(2) two Passes are required for print heads 100a and 
100b to scan over each printed scan line and printing is 
to be performed in only one direction (unidirectional). 
Some of the printing schemes in table 387 are not ap- 
s plicable by definition, such as an attempt to print a Photo 
quality image in Draft mode, or the use of Glossy record- 
ing medium in Draft mode. 

[0430] Certain printing schemes depicted in table 387 
require the use of a sub-printing scheme, "1pass_U/ 

10 B*2", as shown in table 383 of Figure 44. The "1 pass JJ/ 
B*2" sub-printing scheme provides printing schemes in 
which only one scan pass is utilized for printing each 
scan and in which the scan direction and nozzle pattern 
to be utilized are determined by the type of print heads 

15 100a and 100b that are installed in printer 10 and by the 
type of image to be printed on the current scan line. As 
discussed earlier, the type of print heads 1 00a and 1 00b 
installed in printer 10 can include any two print heads 
from a selection of color ink print heads ("BC-21 e") and 

20 black ink print heads ("BC-23"). As discussed above in 
reference to Figure 43, only one of print heads 100a and 
100b is selected for use during printing without align- 
ment. The type of image to be printed on a scan line can 
be Isolated Black, which refers to successive lines of 

zs text, Continuous Black, which is a continuous section of 
black or grey-scale image such as a graphic, or In Color, 
which is color text and/or image. 

[0431] Pursuant to the Print Mode without Alignment 
table 387, it is seen that the printing scheme corre- 

30 sponding to a print request in Standard resolution mode 
and Regular image quality mode using Plain paper re- 
fers to the 1pass_U/B*2 sub-printing scheme. Turning 
to table 388, if the image to be printed on the current 
scan line is a continuous black graphic, then only one 

35 scan pass is required for print heads 100a and 100b to 
print the scan line. In addition, if the color ink print head 
is selected for use during printing without alignment, the 
color nozzles of the color ink print head are not utilized 
at all, but 63 nozzles of black ink from the color ink print 

40 head are utilized for printing in only one directbn (uni- 
directional). If, however, the black ink print head is se- 
lected for use during printing without alignment, then 
127 nozzles of the black ink print head are utilized for 
printing in only the forward direction (unidirectional 

46 scanning can occur in the forward or backward direc- 
tion). Thus, the number of scan passes, printing direc- 
tion, and nozzle selection are selected as part of the 
printing scheme in order to provide reliable printing of a 
quality image based upon the types of print heads 100a 

so and 100b installed in printer 10, the type of image being 
printed on the current scan line, and upon the print 
modes and recording medium type requested for the 
current print job. 



[0432] Fig. 45 is a flow diagram illustrating computer- 
executable process steps used to print color data onto 
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a recording medium. As shown, these steps are prefer- 
ably included in language monitor 205 and executed by 
CPU 70 of host processor 2. It should be noted that 
these steps may also be executed by CPU 91 of printer 
10. s 
[0433] Briefly, the Fig. 45 process steps include steps 
to print print data other than black print data included in 
the bands of print data using bidirectional printing and 
a step to print black print data included in the bands of 
print data using unidirectional printing. 10 
[0434] More specifically, flow begins at step S4501, 
in which a band of print data is received from driver 84. 
Using the configuration illustrated in Fig. 18. the band 
is actually received printer provider 204. The received 
print data preferably includes binarized data indicating is 
whether or not droplets of yellow, magenta, cyan or 
black ink are to be placed on particular pixel locations 
of the recording medium. The particular pixel locations 
are those which can be printed upon during a single 
scan of receptacles 37a and 37b using ink cartridges 20 
43a and 43b. In the foregoing example, cartridge 43a 
utilizes print head 62 of Fig. 7, and ink jet cartridge 43b 
utilizes print head 64 of Fig. 7. In addition, ink cartridge 
43a preferably stores yellow, magenta : cyan and black 
high-penetration inks, while ink cartridge 43b stores low 25 
penetration black ink. 

[0435] Turning to Fig. 46, Fig. 46 illustrates a se- 
quence of printing according to the Fig. 45 process 
steps. As shown, a color region exists above dashed 
line 390 and a black region exists below dashed line 30 
390. Also shown in Fig. 46 are relative positions of ink 
nozzles of print head 62 during several passes of print 
head 62 over the recording medium during printing. 
Nozzles illustrated in each pass are those nozzles which 
perform printing during the pass according to the 35 
present example. Moreover, gaps shown between noz- 
zle groupings are to illustrate the different groupings; 
these gaps are not to scale. 

[0436] Returning to the Fig. 45 flow, a band of print 
data corresponding to pass 1 of Fig. 46 is received in 40 
step S4501 . In step S4502, it is determined whether the 
received band includes color data. In this regard, a band 
is determined to include color data if any pixel location 
in the band is to be, or has previously been : printed upon 
using either a yellow, magenta, or cyan ink droplet. Ac- *s 
cordingty, the received band of print data is determined 
to include color data in step S4502. Flow therefore pro- 
ceeds to step S4504, where it is determined whether the 
current pass is in a backward direction. 
[0437] In the present example, this first pass will be so 
in a forward direction, therefore flow proceeds from step 
S4504 to step S4505. In step S4505, it is determined 
whether unprinted black data exists. Such unprinted 
black data will be described below with reference to Fig. 
45. In the present instance, no such unprinted data ex- ss 
ists and flow continues to step S4506, wherein the re- 
ceived band is sent to printer 10 for printing. 
[0438] Pass 1 of Fig. 46 shows nozzles used during 
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printing of the received band in step S4506. Preferably, 
23 nozzles are used to print each of the inks during a 
single scan of print head 62. It should be noted that, after 
step S4506 of the present example, ink cartridge 43a is 
at an end of printer 10 opposite from the end at which 
the first pass began. 

[0439] Flow continues from step S4506 to step 
S4508, wherein it is determined whether the previously- 
received band is a last band of print data. Since more 
bands of data exist in the present example, flow returns 
to step S4501 . A band of print data for a second pass is 
received in step S4501 and, since, as shown in Fig. 46, 
the band includes color data, flow proceeds from step 
S4502 to step S4504. Since pass 1 was in a forward 
direction, pass 2 will be in a backward direction. Accord- 
ingly, flow continues to step S4509, wherein black print 
data of the received band is saved, preferably in print 
buffer 109. The remaining data of the band is then sent 
to printer 10 in step S4510. Fig. 46 shows that, in pass 
2, only yellow, magenta and cyan droplets are printed. 
[0440] It should be noted that, after pass 1 was com- 
pleted, the recording medium was advanced a distance 
corresponding to 23 nozzles, and therefore pixels print- 
ed using magenta and yellow nozzles in pass 1 may be 
printed using cyan and magenta nozzles, respectively, 
in pass 2. 

[0441] Flow continues from step S4508 to step 
S4501, wherein a next band of print data is received. 
Accordingly, flow proceeds from step S4502 to step 
S4504, wherein, since pass 3 is in a forward direction, 
flow continues to step S4505. Since the black print data 
of pass 2 was saved in step S4509 as described above, 
flow continues from S4505 to step S4512, wherein the 
saved data is retrieved from print buffer 109. Next, in 
step S4514, both the band of print data received in step 
S4501 and the retrieved saved black data are sent to 
printer 10 for printing. As shown in Fig. 46, the lower- 
most black nozzles of print head 62 are used, along with 
the cyan, magenta and yellow nozzles, to print black 
print data of the received band of data while the upper- 
most black nozzles are used to print the saved black 
data of the band printed in pass 2. Advantageously, the 
black data is printed only in a forward direction. Accord- 
ingly, image degradation caused by backward printing 
of black ink is avoided. 

[0442] Flow continues as described above with re- 
gard to pass 2 and pass 3 for each of passes 4 and 5, 
respectively, as illustrated in Fig. 46. However, as shown 
in Fig. 46, yellow nozzles of print head 62 are not used 
during pass 4 nor are magenta or yellow nozzles of print 
head 62 used during pass 5 because no data for those 
nozzles is present in the bands printed during either 
pass. 

[0443] With regard to pass 6, a band of print data cor- 
responding to pass 6 is received in step S4501. Al- 
though the received band does not contain any data cor- 
responding to yellow, magenta or cyan ink, pixel loca- 
tions of the band have previously been printed upon, in 
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passes 3, 4 and 5, using yellow, magenta and cyan ink, 
respectively. Accordingly, flow proceeds to step S4504. 
Since pass 6 would be in a backward direction, flow con- 
tinues to step S4509, wherein black print data of the re- 
ceived band is saved in buffer 109. In step S4510, data 5 
other than black data of pass 6 is sent to printer 1 0 for 
printing. In this case, the received band of print data in- 
cludes only black print data, therefore head 62 merely 
scans across the recording medium in a backward di- 
rection without printing during step S4510 of pass 6. 
Flow then continues from step S4508 to step S4501, 
wherein a next band of print data is received. 
[0444] In the present example, the received band cor- 
responds to the black region shown in Fig. 46, therefore 
flow proceeds from step S4502 to step S4515. In step 
S4515, it is determined whether a previously printed 
band included color data. Since the band of print data 
analyzed with respect to pass 6 was determined to in- 
clude color data, flow continues to step S451 6, wherein 
it is determined whether a last pass was in a backward 
direction. Again, since pass 6 was in a backward direc- 
tion, flow continues to step S45 17. lnstepS4517, saved 
black data is retrieved from print buffer 109. In this re- 
gard, since step S4517 can be reached only if a previ- 
ously-printed band included color data and a last pass 
was backward, it is assumed that black data of the pre- 
viously-printed band was saved and not printed. Accord- 
ingly, next, in step S451 9, the retrieved black data is sent 
to printer 10. 

[0445] It should be noted that, after pass 5, the record- 
ing medium was advanced 23 nozzles and after pass 6, 
the recording was again advanced 23 nozzles. Accord- 
ingly, the retrieved black data is printed during pass 7 
using nozzles 24 to 46 of print head 62. Flow then pro- 
ceeds to step S4520, wherein the retrieved band of 
black data is sent to printer 10 for printing during pass 
8 using print head 64 and ink jet cartridge 43b which, as 
described above, includes low-penetration black ink. It 
should be noted that pass 8 is performed in a forward 
direction to avoid image degradation caused by printing 
black ink in a reverse direction. 

[0446] Flow proceeds from steps S4520 to S4508 and 
then, if another band is to be printed, to step S4501. tf 
the next band includes no color data, flow proceeds from 
step S451 5 directly to step S4520 as described above. 
[0447] Flow continues as described above until, in 
step S4508, it is determined that a last band has been 
printed. In this case, flow then proceeds to step S4522, 
wherein it is determined whether the last pass was in a 
backward direction. If not, flow terminates. If so : saved 
black data yet to be printed is sent to printer 1 0 to be 
printed, in a forward direction, in step S4524. Flow then 
terminates. 

[0448] By virtue of the foregoing process, printing of 
certain data in a backward direction can be avoided if it 
is determined that it is not desirable to print the data in 
the backward direction. In this regard, it should be noted 
that the foregoing process steps are not limited to for- 



ward-direction printing of black print data only, but can 
be applied to print other types of print data exclusively 
in a backward direction. 

8.0 Prefiring and Pulse Width Modulation 

[0449] This Section describes prefiring and pulse 
width modulation control according to an embodiment 
of the invention. 

8.1 Prefire Control 

[0450] Prefiring is performed in an ink jet printer so as 
to clear drying or coagulating ink from print head noz- 
zles. Prefire timing according to the invention is de- 
scribed in Section 8. 1 . 1 . An embodiment of a system for 
control of prefire timing according to the invention is de- 
scribed in Section 6.1.2. 

8.1 .1 Prefire Timing 

[0451] Figure 47 is a diagram for describing prefire 
control in which a prefire operation is performed at a pre- 
determined interval. Shown in Figure 47 is recording 
medium 401 with image 402 printed thereon. In Figure 
47, image 402 includes smaller-font text 403 and larger- 
font text 404. 

[0452] Also shown in Figure 47 is cartridge receptacle 
405 at various times during printing of image 402. Car- 
tridge receptacle 405 is one of cartridge receptacles 37a 
and 37b of printer 10 described above with reference to 
Figure 5 in Section 1.0. Cartridge receptacle 405 pref- 
erably carries an ink jet cartridge such as ink jet cartridge 
43a shown in Figure 6 above. The ink jet cartridge pref- 
erably has a print head such as print head 61 or print 
head 62 shown in Figure 7 above. 
[0453] Arrows 409 to 433 indicate movement of car- 
tridge receptacle 405, and therefore ol a print head car- 
ried by cartridge receptacle 405, across recording me- 
dium 401 before, during and after multiple scans for 
printing image 402. Circled numbers are located next to 
starts of those of arrows 409 to 433 that represent scans 
during which parts of image 402 are printed. The circled 
numbers are in order of the scans used to print image 
402. Thus, in Figure 47, a first scan occurs at the top of 
image 402, and a last scan occurs at the bottom of im- 
age 402. 

[0454] Figure 47 also shows ASF position 437, wiping 
area 438, and prefire area 439 for cartridge receptacle 
405. Cartridge receptacle 405 moves to ASF position 
437 so as to initiate an automatic sheet feed operation, 
as discussed in more detail above in Sections 1 .0 and 
4.0. 

[0455] In the preferred embodiment, wiping area 438 
and prefire area 439 are located at home position 46 
shown in Figure 5. Wiping area 438 includes wipers 44a 
and 44b. At wiping area 438, a print head held by car- 
tridge receptacle 405 is wiped by a wiping mechanism 
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so as to wipe excess ink, dust, paper particles and other 
debris from the print head. 

[0456] Prefire area 439 is also located and at home 
position 46 and includes prefire receptacles 42a and 
42b. A print head ejects ink from its nozzles into one of 
these receptacles so as to clear drying or coagulating 
ink from the nozzles. 

[0457] Positioning of cartridge receptacle 405 at one 
of ASF position 437, wiping area 438, or prefire area 
439 is indicated in Figure 47 by showing cartridge re- 
ceptacle 405 or an arrow representing movement of car- 
tridge receptacle 405 below the position or area. 
[0458] Event list 441 is shown to the left of recording 
medium 401 . Circled symbols in event list 441 represent 
events that occur as image 402 is printed. In Figure 47, 
start of printing 443 is represented by circled symbol St. 
Automatic sheet feed 444 is represented by circled sym- 
bol ASF, and initial load wipe/p retire 445 is represented 
by circled symbol LP. Automatic prefire events 447 to 
451 , which are represented by circled symbols AP", 
AP1, AP2, AP3 and AP4, respectively, also are shown 
in event list 441 . 

[0459] Timeline 453 is shown to the right of recording 
medium 401. The timeline runs from top to bottom in 
Figure 47 and illustrates the timing relationship between 
scans of cartridge receptacle 405 for printing image 402 
and events shown in event list 441. Accordingly, starts 
of each scan of cartridge receptacle 405 for printing im- 
age 402 are represented in timeline 453 by circled num- 
bers corresponding to the circled numbers shown at the 
starts of the ones of arrows 409 to 433 that represent 
scan movement of cartridge receptacle 405. Likewise, 
events shown in event list 441 are represented in time- 
line 453 by symbols identical to those used in event list 
441 , and common reference numerals are used in both 
event list 441 and timeline 453 for identical symbols cor- 
responding to a single event. For example, circled sym- 
bol St in event list 441 and circled symbol St in timeline 
453 both represent start of printing 443. 
[0460] In the prefire control illustrated by Figure 47, 
an automatic prefire operation is preformed based on a 
two second interval. In more detail, event list 441 and 
timeline 453 show start of printing 443 followed by au- 
tomatic sheet feed 444 and initial load wipe/prefire 445. 
Accordingly, arrow 409 shows cartridge receptacle 405 
moving from circled symbol St at start of printing 443 to 
circled symbol ASF for automatic sheet feed 444 of re- 
cording medium 401 . Arrow 41 0 shows cartridge recep- 
tacle 405 then moving past wiping area 438 for initial 
wiping to prefire area 439 for initial prefire, completing 
initial load wipe/prefire 445. 

[0461] Following load wipe/prefire 445, a first auto- 
matic prefire 447 represented by circled symbol AP" op- 
tionally is performed. In particular, if a sufficient delay 
(e.g., two seconds) occurs between load wipe/prefire 
445 and a start of printing, automatic prefire 447 is per- 
formed to maintain clear ink nozzles Such a delay can 
occur, for example, while data is processed by a host 



processor or sent to the printer. In addition, the delay 
can occur while a user manually feeds a recording me- 
dium to the printer. 

[0462] In order to perform automatic prefire 447, car- 
s tridge receptacle 405 is positioned at prefire area 439, 
as illustrated by the position of cartridge receptacle 405 
next to circled symbol AP" below prefire area 439. Then, 
the print head nozzles are prefired to clear them of dry- 
ing or coagulating ink. 
10 [0463] Three scans of cartridge receptacle 405 are 
performed and a fourth scan is started before two sec- 
ond interval 459 elapses. This interval is measured from 
initial load wipe/prefire 445 (or automatic prefire 447, if 
applicable). The movement of cartridge receptacle 405 
is for these four scans is represented by arrows 41 1 to 41 4, 
and the starts of the four scans are represented by cir- 
cled numbers 1 to 4. 

[0464] Once two second interval 459 elapses, car- 
tridge receptacle 405 completes a current scan and then 

20 moves to prefire area 439 for an automatic prefire oper- 
ation. Accordingly, after the fourth scan, cartridge recep- 
tacle 405 moves to prefire area 439 for automatic prefire 
448, as illustrated by arrow 415. After automatic prefire 
448, cartridge receptacle 405 resumes scanning across 

2S recording medium 401. 

[0465] The foregoing process continues until image 
402 is printed onto recording medium 401. In particular, 
an automatic prefire operation occurs whenever a two 
second interval from a previous prefire elapses during 

30 a given scan. Whenever the interval elapses, the current 
scan preferably is completed, and then cartridge recep- 
tacle 405 is moved to prefire area 439 for a prefire op- 
eration. If the scan during which the interval elapses is 
a scan in which cartridge receptacle 405 is moving away 

35 from prefire area 439, then after the current scan is com- 
pleted, a next scan is completed as cartridge receptacle 
405 moves to prefire area 439. 

[0466] Thus, in Figure 47, cartridge receptacle 405 
performs fifth through eighth scans corresponding to ar- 

40 rows 41 6 to 41 9; moves to prefire area 439 for automatic 
prefire 449 as illustrated by arrow 420; performs ninth 
through eleventh scans corresponding to arrows 421 to 
423; performs a twelfth scan and then moves to prefire 
area 439 for automatic prefire 450 as illustrated by ar- 

^5 rows 424 and 425 (the twelfth scan is performed be- 
cause the eleventh scan is moving away from prefire 
area 439); performs thirteenth through sixteenth scans 
corresponding to arrows 426 to 429; moves to prefire 
area 439 for automatic prefire 451 as illustrated by arrow 

50 430; and performs seventeenth and eighteenth scans 
corresponding to arrows 431 and 432 to complete print- 
ing image 402. 

[0467] After image 402 is printed, cartridge receptacle 
405 moves off of recording medium 401 for ejection of 
55 the recording medium, as shown by arrow 433. The 
ejection process is described in more detail above with 
respect to Section 3.0. 

[0468] The foregoing prefire control results in frequent 
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p retire operations to ensure proper ink ejection from 
nozzles of the ink jet head, thereby tending to ensure 
image quality. However, some of the prefire operations 
are unnecessary. In particular when text of a single font 
size is printed during successive scans, one block of s 
nozzles of a print head tends to be re-used for each 
scan. As long as the same block of nozzles is used from 
scan to scan, the act of printing the text ensures that the 
nozzles in the block remain free of drying or coagulating 
ink. 

[0469] Thus, for example, automatic prefire 448 (cor- 
responding to circled symbol AP1) between scans for 
printing smaller-font text 403 is at least partly unneces- 
sary for maintaining image formation quality for the fifth 
through eighth scans in Figure 47 (corresponding to ar- 
rows 41 6 to 41 9). The previous scans have already kept 
the block of nozzles used for those scans free of drying 
or coagulating ink. Likewise, automatic prefire 451 (cor- 
responding to circled symbol AP4) between scans for 
printing larger-font text 404 is a! least partly unneces- 
sary. These unnecessary prefire operations unaccepta- 
bly slow the image formation process, particularly in a 
case where high speed image formation is desired. 
[0470] One technique for increasing image formation 
speed is to increase the time interval between automatic 
prefire operations. However, increasing the time interval 
between all prefire operations can unacceptably de- 
grade image quality 

[0471] Figures 48 and 49 A to 49C are diagrams for 
describing image degradation that can result from use 
of overly-long intervals between prefire operations. 
Shown in Figure 48 is recording medium 461 with image 
462 printed thereon. In Figure 43, image 462 includes 
smaller-font text 463 and larger-font text 464. 
[0472] Also shown in Figure 48 is cartridge receptacle 
405 at various times during printing of image 462. Ex- 
amples of cartridge receptacle 405 are cartridge recep- 
tacles 37a and 37b described above with reference to 
Figure 5 in Section 1.0. Cartridge receptacle 405 pref- 
erably carries an ink jet cartridge such as ink jet cartridge 
43a shown in Figure 6 above. The ink jet cartridge pref- 
erably has a print head such as print head 61 or print 
head 62 shown in Figure 7 above. 
[0473] Arrows 469 to 491 indicate movement of car- 
tridge receptacle 405, and therefore of a print head car- 
ried by cartridge receptacle 405, across recording me- 
dium 461 before, during and after multiple scans for 
printing image 462. Circled numbers are located next to 
starts of those of arrows 469 to 491 that represent scans 
during which parts of image 462 are printed. The circled 
numbers are in order of the scans used to print image 
462. Thus, in Figure 48, a first scan occurs at the top of 
image 462, and a last scan occurs at the bottom of im- 
age 462. 

[0474] Figure 48 also shows ASF position 437, wiping 
area 438, and prefire area 439 for cartridge receptacle 
405. Cartridge receptacle 405 moves to ASF position 
437 so as to initiate an automatic sheet feed operation, 



as discussed in more detail above in Sections 1 .0 and 
4.0. 

[0475] Wiping area 438 and prefire area 439 prefera- 
bly are located at home position 46 shown in Figure 5. 
At wiping area 438, a print head held by cartridge recep- 
tacle 405 is wiped by a wiping mechanism so as to wipe 
excess ink, dust, paper particles and other debris from 
the print head. The print head ejects ink from its nozzles 
into prefire area 439 so as to clear drying or coagulating 
ink from the nozzles. The position of cartridge recepta- 
cle 405 at one o1 ASF position 437, wiping area 438, or 
prefire area 439 is indicated in Figure 48 by showing 
cartridge receptacle 405 or an arrow representing 
movement of cartridge receptacle 405 below the posi- 
tion or area. 

[0476] Event list 501 is shown to the left of recording 
medium 461 . Circled symbols in event list 501 represent 
events that occur as image 462 is printed. In Figure 48, 
start of printing 503 is represented by circled symbol St. 
Automatic sheet feed 504 is represented by circled sym- 
bol ASF, and initial load wipe/prefire 505 is represented 
by circled symbol LP. Automatic prefire events 507, 508 
and 51 0, which are represented by circled symbols AP", 
AP1 , and AP2, respectively, also are shown in event list 
501 , along with data wait 509 represented by circled 
symbol DW. The data wait event represents a pause in 
printing as host processor 2 spools print data to printer 
10. 

[0477] Timeline 51 3 is shown to the right of recording 
medium 461 . The timeline runs from top to bottom in 
Figure 48 and illustrates the timing relationship between 
scans of cartridge receptacle 505 for printing image 462 
and events shown in event list 501. Accordingly, starts 
of each scan of cartridge receptacle 405 for printing im- 
age 462 are represented in timeline 513 by circled num- 
bers corresponding to the circled numbers shown at the 
starts of the ones of arrows 469 to 491 that represent 
scan movement of cartridge receptacle 405. Likewise, 
events shown in event list 501 are represented in time- 
line 51 3 by symbols identical to those used in event list 
501 , and common reference numerals are used in both 
event list 501 and timeline 51 3 for identical symbols cor- 
responding to a single event. For example, circled sym- 
bol St in event list 501 and circled symbol St in timeline 
513 both represent start of printing 503. 
[0478] In the prefire control illustrated by Figure 48, 
an automatic prefire operation is preformed based on a 
six second interval. In more detail, event list 501 and 
timeline 513 show start of printing 503 followed by au- 
tomatic sheet feed 504 and initial load wipe/prefire 505. 
Accordingly, arrow 469 shows cartridge receptacle 405 
moving from circled symbol St at start of printing 503 to 
circled symbol ASF for automatic sheet feed 504 of re- 
cording medium 461 . Arrow 470 shows cartridge recep- 
tacle 405 then moving past wiping area 438 for initial 
wiping to prefire area 439 for initial prefire, completing 
initial load wipe/prefire 505. 

[0479] Following load wipe/prefire 505, a first auto- 
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matic prefire 507 represented by circled symbol AP" op- 
tionally is performed In particular, automatic prefire 507 
is performed if six second delay 514 elapses before ac- 
tual printing begins. Such a delay can occur, for exam- 
ple, while data is processed by a host processor or sent 
to the printer. In addition, the delay can occur while a 
user manually feeds a recording medium to the printer. 
[0480] Such a delay also can occur while data is proc- 
essed or loaded into the printer, particularly if data is 
being processed by a low-end host processor connect- 
ed to the printer. In addition, such a delay can occur if 
the printing operation must await user intervention, for 
example to load recording medium 461 or to initiate ac- 
tual printing of image 462. If six second delay 514 elaps- 
es, cartridge receptacle 405 is positioned at prefire area 
439 so that automatic prefire 507 can be performed, as 
illustrated by the position of cartridge receptacle 405 
next to circled symbol AP" below prefire area 439. Then, 
the print head nozzles are prefired to clear them of dry- 
ing or coagulating ink. 

[0481 ] In a case that the delay is insufficient to trigger 
automatic prefire 507, the delay still can be sufficient to 
adversely affect image quality. In particular, a delay of 
just under six seconds easily can lead to image degra- 
dation such as that illustrated in Figure 49A. This image 
degradation can appear as jagged or offset pixels for a 
left side of printed text for the first scan line. The pixels 
are offset or distorted by partially dried or coagulated ink 
in the print head nozzles 

[0482] In any event, after printing starts in Figure 48, 
eleven scans of cartridge receptacle 405 are performed 
and a twelfth scan is started before six second interval 
515 elapses. This interval is measured from automatic 
prefire 507 (or initial load wipe/prefire 505, if applicable). 
The movement of cartridge receptacle 405 for these 
twelve scans is represented by arrows 471 to 482, and 
the starts of the twelve scans are represented by circled 
numbers 1 to 12. 

[0483] Image degradation can occur during the first 
twelve scans due tothe long interval for p retiring. In par- 
ticular, a block of print head nozzles are unused while 
smaller-font text 463 is printed. During this time, ink in 
nozzles in this block can begin to dry or to coagulate. 
Then, when a line of larger-font text 464 is started at the 
tenth scan, these nozzles can misfire for several pixels. 
One example of image degradation that can result from 
this misfiring is illustrated in Figure 49B. 
[0484] Returning to Figure 48, once six second inter- 
val 51 5 elapses, cartridge receptacle 405 moves to pre- 
fire area 439 for automatic prefire at the end of the cur- 
rent scan. Accordingly, after the twelfth scan, cartridge 
receptacle 405 moves to prefire area 439 for automatic 
prefire 508, as illustrated by arrow 483. After automatic 
prefire 508, cartridge receptacle 405 resumes scanning 
across recording medium 461. 

[0485] The foregoing process continues until image 
462 is printed onto recording medium 461 . In particular, 
an automatic prefire operation occurs whenever a six 



second interval from a previous prefire elapses during 
a given scan. Whenever the interval elapses, the current 
scan preferably is completed, and then cartridge recep- 
tacle 405 is moved to prefire area 439 for a prefire op- 

5 eration. If the scan during which the interval elapses is 
a scan in which cartridge receptacle 405 is moving away 
from prefire area 439, then after the current scan is com- 
pleted, a next scan is completed as moving cartridge 
receptacle 405 moves to prefire area 439. 

w [0486] Thus, in Figure 48, cartridge receptacle 405 
performs thirteenth through sixteenth scans corre- 
sponding to arrows 484 to 487, Then, data wait event 
509 occurs. If this data wait event is sufficiently slow that 
six second interval 516 elapses before the seventeenth 

is scan, then automatic prefire 510 occurs. In that case, 
cartridge receptacle 405 moves to prefire area 439, as 
illustrated by arrow 488, so that the prefire operation can 
be performed. Otherwise, the seventeenth scan is per- 
formed without a prefire operation. 

20 [0487] In the case that the seventeenth scan is per- 
formed without a prefire operation, image degradation 
such as that shown in Figure 49C can occur. Because 
all print head nozzles were idle during data wait event 
509, ink in the nozzles can begin to dry or to coagulate, 

25 adversely affecting the first few pixels of the seven- 
teenth scan. An example of the resulting image degra- 
dation that can occur is shown in Figure 49C in the form 
of a jagged or offset left edge for the first letter of the 
printed text 

30 [0488] Returning to Figure 48, once again, cartridge 
receptacle 405 next performs seventeenth and eight- 
eenth scans corresponding to arrows 489 and 490 to 
complete printing image 462. 

[0489] After image 462 is printed, cartridge receptacle 
35 405 moves off of recording medium 461 for ejection of 
the recording medium, as shown by arrow 491. The 
ejection process is described in more detail above with 
respect to Section 3.0. 

[0490] In the printing operation discussed above, the 
40 longer interval between prefiring operations can result 
in image degradation such as that shown in Figures 49A 
to 49C. Significantly, the image degradation illustrated 
in Figures 49A and 49C can occur if a delay in printing 
caused by a data wait event is long enough for ink to 
45 start drying or coagulating, but not long enough to trigger 
automatic prefire. 

[0491] Data wait events for low-end host processors 
tend to be long enough to trigger automatic prefire. 
Thus, a user printing images from a slow low-end host 

50 processor would be less likely to experience the prob- 
lems illustrated in Figures 49A and 49C, although these 
problems still could occur. Users printing from more ex- 
pensive and faster high-end host processors would be 
more likely to experience these problems. Therefore, in 

55 order for a printer to be suitable for use with high-end 
host processors, the problems with prefiring detailed 
above should be addressed. 

[0492] While the foregoing has illustrated image deg- 
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radation for printing an image composed of text having 
different font sizes, such degradation also can occur 
when printing color or non-color graphics. For example, 
image degradation can occur when long intervals be- 
tween automatic prefire operations are used while print- s 
ing graphics with a color print head such as print head 
62 shown in Figure 7. When a part ol an image is printed 
in color using such a print head, the recording medium 
is advanced between each scan by a distance corre- 
sponding to the number of nozzles for a single color For 
print head 62, the recording medium is advanced each 
scan by a distance corresponding to 24 nozzles. As ex- 
plained above in Section 5.0, only 48 of the available 64 
black nozzles are used for each scan; a block of 1 6 noz- 
zles are unused. Then, if printing transitions to all black 
printing, all 64 black nozzles are used, including the pre- 
viously unused block of 16 black nozzles. These previ- 
ously unused nozzles can misfire due to dried or coag- 
ulated ink in the nozzles, resulting in image degradation 
along the lines shown in Figure 49B. Therefore, the fore- 
going problems of image degradation also should be ad- 
dressed in the context of a color printing apparatus. 
[0493] Figure 50 is a diagram for describing prefire 
control according to an embodiment of the invention 
which addresses the problems discussed above with re- 
spect to use of fixed time intervals for automatic prefire 
operations. 

[0494] Briefly, in an ink jet printing apparatus which 
performs printing by using a print head with at least a 
predetermined number of nozzles to eject ink, a prefiring 
operation is performed to eject ink from nozzles of the 
print head for maintaining printing quality after a first 
time interval during a printing operation. Nozzles of the 
print head are driven based on data to be printed and 
the prefiring operation is performed in a case where a 
number of the nozzles to be driven is changed. Prefer- 
ably, the prefiring operation can be delayed to a second 
time interval longer than the first time interval. After the 
second time interval, the prefiring operation is per- 
formed. 

[0495] In more detail, Figure 50 shows recording me- 
dium 521 with image 522 printed thereon. In Figure 50, 
image 522 includes smaller-font text 523 and larger-font 
text 524. Also shown in Figure 50 is cartridge receptacle 
405 at various times during printing of image 402. Ex- 
amples of cartridge receptacle 405 are cartridge recep- 
tacles 37a and 37b of printer 10 described above with 
reference to Figure 5 in Section 1.0. Cartridge recepta- 
cle 405 preferably carries an ink jet cartridge such as 
ink jet cartridge 43a shown in Figure 6 above. The ink 
jet cartridge preferably has a print head such as print 
head 61 or print head 62 shown in Figure 7 above. 
[0496] Arrows 529 to 551 indicate movement of car- 
tridge receptacle 405, and therefore of a print head car- 
ried by cartridge receptacle 405, across recording me- 
dium 521 before, during and after multiple scans for 
printing image 522. Circled numbers are located next to 
starts of those of arrows 529 to 552 that represent scans 



during which parts of image 522 are printed. The circled 
numbers are in order of the scans used to print image 
122. Thus, in Figure 50, a first scan occurs at the top of 
image 522, and a last scan occurs at the bottom of im- 
age 522. 

[0497] Figure 50 also shows ASF position 437, wiping 
area 438, and prefire area 439 for cartridge receptacle 
405. Cartridge receptacle 405 moves to ASF position 
437 so as to initiate an automatic sheet feed operation, 
as discussed in more detail above in Sections 1 .0 and 
4.0. 

[0498] Wiping area 438 and prefire area 439 prefera- 
bly are located at home position 46 shown in Figure 5. 
At wiping area 438, a print head held by cartridge recep- 
tacle 405 is wiped by a wiping mechanism so as to wipe 
excess ink, dust, paper particles and other debris from 
the print head. The print head ejects ink from its nozzles 
into prefire area 439 so as to clear drying or coagulating 
ink from the nozzles. The position of cartridge recepta- 
cle 405 at one of ASF position 437, wiping area 438, or 
prefire area 439 is indicated in Figure 50 by showing 
cartridge receptacle 405 or an arrow representing 
movement of cartridge receptacle 405 below the posi- 
tion or area. 

[0499] Event list 561 is shown to the left of recording 
medium 521 . Circled symbols in event list 561 represent 
events that occur as image 522 is printed. In Figure 50, 
start of printing 563 is represented by circled symbol St. 
Automatic sheet feed 564 is represented by circled sym- 
bol ASF, and initial load wipe/prefire 565 is represented 
by circled symbol LP. Automatic prefire events 567. 570 
and 572, which are represented by circled symbols AP", 
AP1 and AP2, respectively, also are shown in event list 
561. In addition, just-before-scan prefire (JBSP) events 
568 and 573 are represented in Figure 50 by circled 
symbols JBSP, nozzle-number-change prefire (NNCP) 
event 569 is represented by circled symbol NNCP and 
data wait (DW) event 571 is represented by circled sym- 
bol DW. These events are explained in more detail here- 
inbelow. 

[0500] Briefly, according to an embodiment of the in- 
vention, nozzle-number-change prefire occurs when 
data to be printed requires driving nozzles that have not 
been driven for a first time interval since a previous pre- 
firing operation. Just-before-scan prefire occurs when 
none of the nozzles of a print head have be driven for a 
second time interval. Automatic prefire occurs when a 
third time interval has elapsed since a previous prefiring 
operation. The third time interval is longer than the first 
and second time intervals. As a result, prefire operations 
are delayed until the longer third time interval unless a 
prefire operation is triggered by a nozzle number 
change or a pause before scanning a line, which can 
result from a data wait event. 

[0501] Returning to Figure 50, timeline 574 is shown 
to the right of recording medium 521. The timeline runs 
from top to bottom in Figure 50 and illustrates the timing 
relationship between scans of cartridge receptacle 405 
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for printing image 5122 and events shown in event list 
561 . Accordingly, starts of each scan of cartridge recep- 
tacle 405 for printing image 522 are represented in time- 
line 574 by circled numbers corresponding to the circled 
numbers shown at the starts of the ones of arrows 529 s 
to 552 that represent scan movement of cartridge re- 
ceptacle 405. Likewise, events shown in event fist 561 
are represented in timeline 574 by symbols identical to 
those used in event list 561 , and common reference nu- 
merals are used in both event list 561 and timeline 574 10 
for identical symbols corresponding to a single event. 
For example, circled symbol St in event list 561 and cir- 
cled symbol St in timeline 574 both represent start of 
printing 563. 

[0502] In the prefire control illustrated by Figure 50, is 
an automatic pretire operation is preformed based on a 
six second interval. However, certain events can trigger 
an earlier prefire operation, including a change in a 
number of nozzles used in a scan across recording me- 
dium 521 or a pause in use of all nozzles. 20 
[0503] In more detail, event list 561 and timeline 574 
show start of printing 563 followed by automatic sheet 
feed 564 and initial load wipe/prefire 565. Accordingly, 
arrow 529 shows cartridge receptacle 405 moving from 
circled symbol St at start of printing 563 to circled symbol 2s 
ASF for automatic sheet feed 564 of recording medium 
521 . Arrow 530 shows cartridge receptacle 405 then 
moving past wiping area 438 for initial wiping to prefire 
area 439 for initial prefire, completing initial load wipe/ 
prefire 565 30 
[0504] Following load wipe/prefire 565, a first auto- 
matic prefire 567 represented by circled symbol AP" op- 
tionally is performed. In particular, automatic prefire 567 
is performed if a predetermined interval elapses be- 
tween load wipe/prefire 165 and a start of printing. The 35 
predetermined interval can elapse, for example, while 
data is processed by a host processor or sent to the 
printer. In addition, the interval can elapse while a user 
manually feeds a recording medium to the printer. 
[0505] In Figure 50, the predetermined interval is six 40 
second interval 575. After the six second interval has 
elapsed, the nozzles are in a "danger region" of opera- 
tion in which ink ejection errors are more likely to occur. 
Thus, a prefiring operation should be performed before 
printing occurs. In order to perform automatic prefire 45 
567, cartridge receptacle 405 is positioned at prefire ar- 
ea 439, as illustrated by the position of cartridge recep- 
tacle 405 next to circled symbol AP" below prefire area 
439. Then, the print head nozzles are prefired to clear 
them of drying or coagulating ink. so 
[0506] If a further delay occurs before printing starts, 
then nozzles of the print head might remain idle long 
enough for ink to begin drying or coagulating. Accord- 
ingly, the embodiment of the invention determines if no 
printing (including prefiring) has occurred for a prede- ss 
termined interval, which in Figure 50 is three seconds. 
If no printing has occurred for this interval, just-before- 
scan prefire 568 is performed, thereby tending toensure 



that the nozzles remain clear of drying or coagulating 
ink. This operation tends to prevent image degradation 
along the lines discussed above with respect to Figure 
49A. 

[0507] Once printing starts, elapsed time is measured 
from a previous prefire operation. In the example illus- 
trated in Figure 50, the previous prefire operation is just- 
before-scan prefire 568, and the interval for performing 
an automatic prefire is six seconds. However, before this 
interval elapses, nine scans of cartridge receptacle 405 
are performed, as shown by arrows 531 to 539. These 
nine scans print all of smaller-font text 523. In order to 
print larger-font text 524 for the tenth scan represented 
by arrow 540, previously unused nozzles must be driven 
to eject ink. According to the invention, this change in a 
number of used nozzles is detected, as explained in 
more detail below with reference to Figure 54. 
[0508] In Figure 50, the nozzle number change occurs 
after a first time interval of three seconds has elapsed 
since a last prefiring operation. Thus, the nozzles are 
operating in a "sensitive region" in which a change in 
the number of driven nozzles can lead to image degra- 
dation such as that illustrated in Figure 49B discussed 
above. Accordingly, nozzle-number-change prefire 569 
is performed. However, if the change had occurred be- 
fore the first three second time interval had elapsed, the 
nozzles would have been operating in a "safe region" in 
which image degradation is less likely. In that case, no 
prefiring would have been performed. 
[0509] Preferably, it is determined if a scan will have 
a nozzle number change before that scan is performed. 
Carriage receptacle 405 is moved to prefire area 439 
before the scan is performed so that unused print head 
nozzles can be cleared before further printing occurs. 
Then, after the nozzle-number-change prefire is per- 
formed, printing continues. This situation is illustrated in 
Figure 50 : where cartridge receptacle 405 is shown 
moving to prefire area 439 after the ninth scan, and pre- 
firing occurs before cartridge receptacle 405 begins the 
tenth scan at circled number 1 0 for larger-font text 524. 
This operation is in contrast to the prefire control dis- 
cussed above with respect to Figures 47 and 48, in 
which cartridge receptacle 405 completes a current 
scan and possibly performs a next scan in order to move 
to prefire area 439. 

[0510] Returning to Figure 50, six seconds elapse 
from just-before-scan prefire 568 to after a start of the 
twelfth scan represented by arrow 542. However, auto- 
matic prefire 570 is not performed because nozzle- 
number-change prefire 569 occurs during the elapsed 
time. Instead, the prefire is postponed until automatic 
prefire 572, which occurs after the thirteenth through six- 
teenth scans represented by arrows 543 through 546. 
Automatic prefire 572 is triggered by the elapse during 
the sixteenth scan of six second interval 576 from noz- 
zle-number-change prefire 569. 

[0511] In order to perform the automatic prefire oper- 
ation, cartridge receptacle 505 moves to prefire area 
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439, as shown by arrow 147. If the sixteenth scan had 
moved cartridge receptacle 405 away from prefire area 
439 (i.e., arrow 546 had been pointed away from prefire 
area 439), a next scan line preferably would have been 
printed while moving cartridge receptacle 405 to prefire 
area 439. This operation is in contrast to the operation 
of a nozzle-number-change prefire operation discussed 
above, in which a next scan line preferably would not be 
printed. 

[0512] Also illustrated in Figure 50 is a case where 
data wait 571 is sufficiently long so that no nozzles are 
driven for a predetermined interval (e.g., three seconds) 
after automatic prefire 572. As a result, just-before-scan 
prefire 573 is performed before the seventeenth scan 
begins, thereby tending to avoid image degradation of 
the type shown in Figure 49C. 

[0513] After just-before-scan prefire 573, the seven- 
teenth and eighteenth scans are performed so as to 
complete printing image 522. After image 522 is printed, 
cartridge receptacle 405 moves off of recording medium 
521 for ejection of the recording medium, as shown by 
arrow 551. The ejection process is described in more 
detail above with respect to Section 3.0. 
[0514] Figure 51 is a flowchart for describing prefire 
control timing according to the invention. 
[0515] In step S5101 , printer 10 loads a recording me- 
dium. A timer is then set equal to zero seconds in step 
S5102. 

[051 6] Line feed and printing operations occur in step 
S5103. In step S5104, it is determined if the timer is less 
than Threshold 1. Threshold 1 represents a safe time 
interval during which prefire operations are generally 
unnecessary. However, if the timer is not less than 
Threshold 1 , flow proceeds to step S5105. 
[0517] In step S5105, it is determined if printer 10 is 
operating in a "sensitive region" or a "danger region". In 
particular, step S51 05 determines if the timer is less than 
Threshold 2. If the timer is not less than Threshold 2, 
then printer 10 is operating in a "danger region", and 
flow proceeds to step S5106 for performance of a sup- 
port operation such as a prefire operation. 
[0518] On the other hand, if the timer is less than 
Threshold 2, printer 10 is operating in a "sensitive re- 
gion". In that case, flow proceeds to step S5107, where 
it is determined if support is needed. For example, sup- 
port would be needed if a number of nozzles that were 
driven to print on the recording medium were changed. 
If support is needed, flow proceeds to step S5108 for 
performance of the support operation. After either step 
S5106 or step S5103, the timer is reset to zero in step 
S5109. 

[0519] In step S5110, it is determined if printer 10 has 
reached an end of a page. If printer 10 has reached the 
end of a page, step S511 1 ejects the recording medium. 
Otherwise, flow returns to step S5103 for continued 
printing. 



8.1.2 Embodiment 

[0520] Figures 52 through 56 are flowcharts for de- 
scribing a preferred embodiment for implementing the 
5 timing of prefire control described above with respect to 
Figures 50 and 51 . In this embodiment, certain functions 
preferably are executed by printer control 1 1 0 discussed 
above with reference to Figure 8, for example in printer 
firmware. Other functions preferably are executed by 
10 printer driver 84 running on host processor 2. 

[0521] Figure 52 is a flowchart for describing a prefire- 
timer-update function that preferably is executed by 
printer control 1 10. This function is called every second 
from step S1 91 2 shown in Figure 19, which also preter- 
ms ably is executed by printer control 110. Accordingly, the 
prefire timers are updated every second by printer con- 
trol 110. 

[0522] In more detail, when the prefire-timer-update 
function is called, in step S5201 it is first determined if 

20 automatic prefire is enabled. Automatic prefire prefera- 
bly can be enabled or disabled by a user, for example 
through printer driver 84. In addition, in a high-speed 
printing mode, automatic prefire can be disabled so as 
to improve print speed. Likewise, in a high-quality print- 

25 ing mode, automatic prefire can be enabled so as to im- 
prove print quality. Certain print heads such as the Can- 
on BC-21 (e) also are less sensitive to long intervals be- 
tween prefiring operations, and automatic prefiring can 
be disabled for those print heads. 

30 [0523] If automatic prefire is enabled, flow proceeds 
to step S5202. If automatic prefire is disabled, flow skips 
steps to step S5206. 

[0524] In step S5202, it is determined if print head A 
(reference numeral 100a above) is present. For exam- 

35 pie, it is determined if a cartridge with a usable print head 
is properly installed in cartridge receptacle 37a. If print 
head A is present, prefire timer PFT_A for print head A 
is incremented in step S5203. Likewise, in step S5204, 
it is determined if print head B Reference numeral 100b 

40 above) is present, in which case step S5205 increments 
prefire time PFT_B for print head B. PFT_A and PFT_B 
are used according to the invention to control automatic 
prefire operations such as automatic prefire operation 
567, 570 and 572 explained above. 

45 [0525] in step S5206, it is determined if printing or pre- 
firing has occurred since a last invocation of the prefire- 
timer-update function. If printing or prefiring has oc- 
curred, flow proceeds to step S5207, and no-printing 
timer NPT is set to zero. Otherwise, flow proceeds to 

so step S5203, and no-printing timer NPT is incremented. 
Thus, no-printing timer NPT stores a time since a last 
printing or prefiring operation. 

[0526] No-printing timer NPT is used according to tho 
invention to control just-before-scan prefire operations 
55 such as just-before-scan prefire operations 568 and 573 
described above. It should be noted that no-printing tim- 
er NPT is updated regardless of whether automatic pre- 
firing is enabled. 
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[0527] In step S5209 : a PFCHECK command is exe- 
cuted. This command preferably invokes a prefire check 
function executed by printer control 110. The prefire 
check function is described below with reference to Fig- 
ure 53. After step S5209, flow returns to the flowchart 
of Figure 19. 

[0528] Figure 53 is a flowchart for describing a prefire 
check operation preferably executed by printer control 
110 according to the invention. In step S5301 , it is de- 
termined if cartridge receptacle 405 is moving in the cor- 
rect direction, which is toward prefire area 439. If car- 
tridge receptacle 405 is not moving in the correct direc- 
tion, flow skips to the end of the function and returns to 
Figure 52, where flow then returns to Figure 19 When 
step SI 91 2 of Figure 1 9 is called at succeeding one sec- 
ond interrupts, this process is repeated until the car- 
tridge receptacle is moving in the correct direction. Once 
the cartridge receptacle is moving in the correct direc- 
tion, flow proceeds to step S5302. 
[0529] The foregoing operation of step S5301 en- 
sures that in a case where an interval for an automatic 
prefire operation elapses during a scan that moves car- 
tridge receptacle 405 away from prefire area 439, print- 
ing is performed for a next scan while returning cartridge 
receptacle 405 to prof ire area 439. 
[0530] In step S5302, it is determined if PFT_A is 
greater than a prefire set time for print head A. Likewise, 
in step S5303, it is determined if PFT_B is greater than 
a prefire set time for print head B. In the example de- 
scribed above with respect to Figure 50, these set times 
are both six seconds. It should be noted, however, that 
these set times do not need to be equal, but rather can 
be different so as to accommodate use of different print 
heads for print head A and print head B. 
[0531] If either prefire timer PFT_A or prefire timer 
PFT_B is greater than its respective set time, the corre- 
sponding print head is operating in the "danger region" 
discussed above with reference to Figure 50, and a pre- 
fire operation should be performed. Accordingly, flow 
proceeds to step S5304 where a prefire (print) function 
is called, thereby performing an automatic prefire oper- 
ation. The prefire (print) function is described in more 
detail below with reference to Figure 56. 
[0532] Figure 54 is a flowchart for describing genera- 
tion of a nozzle-number-change prefire request by print- 
er driver 84 according to an embodiment of the inven- 
tion. 

[0533] In step S5401, printer driver 84 sets PREVI- 
OUS FEED and CURRENT FEED to zero at a start of 
a page for a print job. In step S5402, printer driver 84 
sends a LOAD command to printer 1 0 so as to cause 
printer 10 to load a recording medium, as described 
above in Section 3.6.1. 

[0534] Printer driver 84 determines scan height X in 
raster lines for a next scan line to be printed. In step 
S5403, printer driver 84 instructs printer 10 to advance 
the recording medium by X scan lines using the SKIP 
command In step S5404, CURRENT FEED is set equal 



to X. 

[0535] Step S5405 determines that a nozzle-number- 
change has occurred if CURRENT FEED is less than or 
equal to THRESHOLDS and PREVIOUS FEED (the 

5 CURRENT FEED for a previous scan) is greater than 
THRESHOLD_1 . In the preferred embodiment, 
THRESHOLDS is one less than a height of a print head 
that is being used for printing in raster lines. For exam- 
ple, for print head 61 shown in Figure 7, 

10 THRESHOLDS preferably is 127 raster lines. 

[0536] In more detail, if PREVIOUS FEED is greater 
than THRESHOLDS , printer 10 fed the recording me- 
dium for the previous scan by more than the height of 
the print head. As a result, a whitespace exists between 

15 the previous scan and the current scan, indicating that 
the data being printed for the previous scan was so- 
called isolated data in which scan lines are separated 
from other scan lines by horizontal whitespaces. Typi- 
cally, less than all of the nozzles of a print head are used 

20 to print isolated data. In particular, at least some of the 
top or bottom nozzles of the print head typically are un- 
used. 

[0537] If CURRENT_FEED is less than or equal to 
THRESHOLDS, no whitespace separates the current 

2S scan line from the previous scan line. Accordingly, the 
current scan data is continuous scan data such as data 
for a table or chart, in which all nozzles of the print head 
typically are used. Thus, testing if CURRENT FEED is 
less than or equal to THRESHOLDS and PREVIOUS 

30 FEED is greater than THRESHOLDS detects a nozzle 
number change that occurs when transitioning from 
printing isolated data to printing continuous data. 
[0538] Step S5406 determines that a nozzle number 
change has occurred if CURRENT FEED is greaterthan 

35 THRESHOLDS and PREVIOUS FEED is less than or 
equal to THRESHOLDS^ I n the preferred embodiment, 
THRESHOLDS is equal to a number of color nozzles 
used to eject ink of one color (e.g., cyan, magenta or 
yellow), which preferably is one less than a number of 

40 nozzles of a part of a color print head for ejecting ink of 
one color. For example, for print head 62 shown in Fig- 
ure 7, THRESHOLDS? preferably is 23. 
[0539] in more detail, if CURRENT FEED is greater 
than THRESHOLDS?, then the data for the current scan 

^5 most likely is not color data, because the number of 
raster lines printed for the current scan is greater than 
the number of raster lines of color ink that can be re- 
corded using the color print head. If PREVIOUS FEED 
is less than or equal to THRESHOLDS, then the previ- 

so ous scan most likely was color data. Thus, this test de- 
termines that printing has transitioned from printing 
color data to printing non-color data. 
[0540] During color printing, a number of black noz- 
zles used for one scan typically equals the number of 

55 color nozzles for a single color. For example ; as ex- 
plained in Section 8.0, only 46 black nozzles of print 
head 62 typically are used for each scan during color 
printing, leaving 18 nozzles unused. However, during 
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non-color printing, all of the black nozzles typically are 
used. Therefore, after a transition from color printing to 
non-color printing, a nozzle number change typically oc- 
curs for the black nozzles being used. 
[0541] If either step S5405 or S5406 determines that 
a nozzle number change has occurred, a nozzle- 
number-change prefire request is sent to printer 10 in 
step S5407. In the case that the command set available 
to printer driver 10 does not include a nozzle-number- 
change prefire request, the instruction can be sent by 
sending an existing command with an out-of-range ar- 
gument. Then, firmware in the printer can be modified 
to recognize the command with the out-of-range argu- 
ment as a nozzle-number-change prefire request. For 
example, in the preferred embodiment, a raster SKIP 
command with an argument of zero lines is used as a 
nozzle-number-change prefire request. 
[0542] In any event, the scan line is printed in step 
S5408 using the PRINT command. In step S5409, PRE- 
VIOUS FEED is set equal to CURRENT FEED. If the 
end of the page has not been reached, step S5410 re- 
turns flow to step S5403 for processing the next scan 
line. Otherwise, processing for the page ends. 
[0543] Figure 55 is a flowchart for describing scan 
prefire processing preferably executed by printer control 
110 according to an embodiment of the invention. This 
processing occurs every time printer 10 receives a 
PRINT command to print a scan line. 
[0544] In step S5501, it is determined if a nozzle- 
number-change prefire request has been received. As 
discussed above with respect to step S5407 of Figure 
54, in the preferred embodiment this request takes the 
form of a SKI P command with an argument of zero lines. 
If such a request has been received, flow proceeds to 
step S5502. Otherwise, flow skips to step S5505. 
[0545] In step S5502, it is determined if a prefire timer, 
namely PFT_A or PFT_B discussed above with respect 
to Figure 52, is greater than a threshold T1 . If the prefire 
timer is less than this threshold, the print head is oper- 
ating in a "safe region 0 as explained above with refer- 
ence to Figure 50. Accordingly, a prefire operation is not 
necessary and would only serve to delay printing, and 
flow skips to step S5505. 

[0546] If the prefire timer is greater than this thresh- 
old, the print head is operating in a "sensitive region" (or 
a "danger region"), and a prefire operation should be 
performed. Accordingly, flow proceeds to step S5503 
where a prefire (print) function is called, thereby per- 
forming a nozzle-number-change prefire (NNCP) oper- 
ation. This prefire (print) function is discussed in more 
detail below with reference to Figure 56. In step S5504, 
the nozzle-number-change prefire request is reset. 
[0547] In step S5505, it is determined if no-printing 
timer NPT has exceeded a no-printing threshold T2. If 
no-printing timer NPT has exceeded this threshold, flow 
proceeds to step S5506 where the prefire (print) function 
is called, thereby performing a just-before-scan prefire 
(JBSP) operation. 



[0548] Figure 56 is a flowchart for describing a prefire 
(print) function according to the invention. This function 
preferably is executed by printer control 110. 
[0549] A prefire lookup table pointer is retrieved in 

5 step S5601 . In step S5602, it is determined if cartridge 
receptacle 405 is at prefire area 439. If cartridge recep- 
tacle 405 is not at prefire area 439, the cartridge recep- 
tacle is moved to prefire area 439 in step S5603. 
[0550] As explained above with reference to Figure 

10 53 t in a case that the prefire (printing) function is called 
from step S5304 for an automatic prefire operation, car- 
tridge receptacle 405 is on the same side of printer 10 
as prefire area 439. Likewise, in a case that the prefire 
(printing) operation is called from step S5506 in Figure 

is 55 for a just-before-scan prefire operation, no printing 
has occurred for at least time interval T2. Accordingly, 
cartridge receptacle 405 again is on the same side of 
printer 10 as prefire area 439. Preferably, only in the 
case of a nozzle-number-change prefire is cartridge re- 

20 ceptacle 405 moved across a recording medium in step 
S5603 without printing. As a result, delay due to prefire 
operations tends to be further reduced, thereby increas- 
ing overall printing speed. In either of these cases, only 
a short time is needed for step S5603 to move cartridge 

25 receptacle 405 to prefire area 439. 

[0551] Print head configuration is checked in step 
S5604. Based on the print head configuration, prefire 
count pattern frequency and pulse width modulation are 
determined in step S5605 as explained below in Section 

30 8.2. The determined frequency and modulation are sent 
to control logic 94 in step S5606, which initiates prefiring 
in step S5607. 

[0552] In steps S5608, S5609 and S5610, the prefire 
timers are all reset. In particular, PFT_A, PFT_B and 
35 NPT are all reset to zero. Then, flow returns from the 
prefire (printing) operation. 

8.2 Pulse Width Modulation Control 

40 [0553] Figure 57 is a diagram for describing a rela- 
tionship between ink jet nozzle heat pulse width and out- 
put density. Shown in Figure 57 is printing density 601 
across scan line 602 for printing by ejection of ink from 
nozzles of an ink jet print head using fixed-width heat 

45 pulse 604. 

[0554] As the print head is scanned across scan line 
602, print head temperature 603 increases due to re- 
peated firing of ink jet nozzles. As the print head heats 
up, more ink is ejected from the nozzles for a given heat 

50 pulse width. As a result, printing density can disadvan- 
tageously increase along printing direction 605 inde- 
pendent of print data. 

[0555] Figure 58 is a diagram for describing heat 
pulse width modulation. As shown in Figure 58, different 
55 heat pulse widths are used as a print head moves across 
a scan line. The heat pulses are modulated so as to sta- 
bilize print head temperature 609 around best quality 
temperature 610, thereby stabilizing printing density 
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611. 

[0556] Figure 59 is a flowchart for explaining control 
of nozzle heat pulse driving times. In step S5901 , printer 
10 receives a command to set a control ratio for driving 
a print head pulse width sequence. The command is s 
sent by host processor 2 (step S5902), and in the ab- 
sence of receiving any such command, printer 10 main- 
tains a default value of 100%. The control ratio for driv- 
ing that is received in step S5901 is a factor applied to 
look-up values from a pre-stored table in ROM 92, as 10 
described more fully below in step S5912. 
[0557] In step S5903, printer 10 receives a command 
for a control ratio for head temperature calculations. The 
command is received from host processor 2 (step 
S5904), and in the absence of receipt of such a com- is 
mand, printer 10 maintains a default value of 100%. The 
control ratio for head temperature calculations is applied 
as a multiplication factor against pre-stored values of 
heat-up coefficients used for calculating head tempera- 
ture, as described more fully below in connection with 20 
step S5915. 

[0558] Preferably, steps S5901 through S5904 are ef- 
fected through use of the change pulse ratio command 
([PCR]) defined above in Section 3.6. As described 
above, the [PCR] command is used to change a ratio of 25 
pulse control tables such as a ratio of heat-up coeffi- 
cients used for calculating head temperature : and such 
as changing a ratio of pulse widths for a pulse width driv- 
ing sequence for each individual nozzle of print heads 
100a and 100b when ejecting an ink droplet from the 30 
nozzle. 

[0559] Flow continues in printer 10 with steps S5906 
through S5915 which are executed repeatedly at cyclic 
intervals of, for example, 50 msec so as to maintain in 
real time the most current values for print head driving 35 
parameters. More specifically, as described above in 
connection with Figure 1 9, steps S5906 through S5915 
are executed at 50 msec cyclic intervals, for example, 
so as to calculate head temperature and to derive pulse 
width timings for a pulse width sequence applied to eject 40 
an ink droplet from a nozzle, together with other tasks 
also executed at 50 msec intervals. 
[0560] Referring again to Figure 59, step S5906 reads 
current environmental temperature (T erw ) from temper- 
ature sensor 103a in printer 10, preferably in real time 45 
as explained in Figure 61 below. The current environ- 
mental temperature may be the most current value read 
from the thermistor, or more preferably the actual value 
read from the thermistor is subjected to low pass filtering 
so as to smooth any irregularities, discount bad readings so 
of the thermistor, remove noise such as analog-to-digital 
sampling noise, and the like. 

[0561] Based on the environmental temperature T env 
read in step S5906, a target temperature (T tgt ) is calcu- 
lated in step S5907. The target temperature is the pre- ss 
f erred operational temperature for printer 10 based on 
the current environmental temperature. Generally 
speaking, printer 1 0 is controlled through unshown heat- 



ers in print heads 100a and 100b so as to reach the tar- 
get temperature, as explained above in connection with 
Figure 19 at the 500 msec interrupt level. The target 
temperature is the most preferred temperature for print 
head operation based on the current environmental 
temperature. The relationship between target tempera- 
ture and environmental temperature is inverse, meaning 
that low environmental temperatures result in relatively 
higher target temperatures, whereas high environmen- 
tal temperatures result in relatively lower target temper- 
atures. For example, at extremely low environmental 
temperatures such as T env = 5°C, a preferred target 
temperature might be T tgt = 35°C, whereas at extremely 
high environmental temperatures such as T env = 35°C, 
a preferred target temperature might be T tgt = 15°C. 
[0562] Step S5909 calculates the effect on print head 
temperature caused by actual ink droplet ejection from 
print heads 100a and 100b. More particularly, the envi- 
ronmental temperature read in step S5906 is based on 
an environmental temperature read by a thermistor 
mounted exteriorly of print heads 100a and 100b. Prop- 
er control over print head driving parameters, on the oth- 
er hand, is more directly affected by the internal temper- 
ature of ink adjacent the print head nozzles. It is not gen- 
erally considered practicable to mount a thermistor with- 
in such a small area. At the same time, it is known that 
active ink droplet ejection will cause a rise in ink tem- 
perature and that in the absence of any ink ejection, ink 
temperature will generally fall It is the purpose of step 
S5909 to calculate the effect of print head temperature 
caused by ink droplet ejection to make this calculation. 
[0563] The calculation of print head temperature in 
step S5909 is made based in part on the number of ink 
droplets actually ejected over a previous time interval 
such as 50 msec. Each ejection of an ink droplet within 
the predetermined time interval is assigned a heat co- 
efficient weight. Based on the number of ink droplet 
ejections within the predetermined time period, it is pos- 
sible to calculate the effect of ink droplet ejection on print 
head temperature. 

[0564] At the same time, it is known that such heat- 
up coefficients vary in dependence on the particular type 
of print head used, the ink characteristics used in the 
read, the resolution of printout by the head, and the like. 
Each different combination of head/ink/resolution 
changes heat-up coefficient values corresponding to the 
number of dots printed. Accordingly, ROM 92 is pre- 
stored with tables for heal-up coefficients. This situation 
is illustrated in Figure 60. 

[0565] As shown in Figure 60, one portion of ROM 92 
includes pre-stored tables 621 for heat-up coefficients. 
The tables include plural tables 622a, 622b, etc., one 
table for each different combination of printer head, ink 
characteristics, and resolution. Each of the plural tables 
includes tabularly accessed coefficients such as the co- 
efficients labelled 1, 2 and 3 (reference numerals 623, 
624 and 625), which are accessed through look-up op- 
erations based on the number of ink drops ejected in 
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any one particular interval, for example, 50 msec. Print- 
er 10 selects one heat -up table from the tables stored 
at 621 . based on a default selection or based on a com- 
manded selection, and then selects heat-up coefficients 
from the selected table based on the number of droplets 
ejected in a 50 msec period. 

[0566] The coefficients obtained through look-up op- 
eration in tables 621 are used to calculate the effect on 
print head temperature by ink droplet ejection. One suit- 
able calculation is as follows: 

AT majn = (coeff 1 (# black droplets ejected)) + 
(coeff2 (# color droplets ejected)) + 
(coeff3 (heater duty cycle)) - coeff4 

where coeff 1 is a heat-up coefficient based on the 
number of black ink droplets ejected, coeff2 is a heat- 
up coefficient based on the number of color droplets 
ejected, coeff 3 is a heat-up coefficient based on the cur- 
rent duty cycle of the heater, and coeff4 is a heat-up co- 
efficient which actually shows cool down of the print 
head based on inactivity. Of course, the actual coeffi- 
cients and calculations used depend on the head/ink/ 
resolution combination. For example, the calculation 
given above is suitable for a four-color print head where- 
as an atl-black print head would use a different calcula- 
tion that excludes, for example, dependence on the 
number of color droplets ejected. 
[0567] Armed with the environmental temperature 
T env , the target temperature T tgt and the print head tem- 
perature effect AT majn , step S5910 calculates the differ- 
ence AT diff , as follows: 

T diff = T tgt " T env " AT main 

[0568] Step S5911 accesses a look-up table in ROM 
92 that stores pulse width times for a pulse width driving 
sequence, based on the temperature difference T djff . 
Suitable tables are illustrated diagrammatically in Figure 
60 as described below. 

[0569] Specifically, as shown in Figure 60, ROM 92 
includes look-up table 630 for storing driving times. The 
driving times are pulse widths for a pulse sequence used 
to drive nozzle heaters to eject an ink droplet. Atypical 
pulse sequence is shown at 640 in Figure 59, and in- 
cludes a pre-heat pulse of width T Pre , a quiescent period 
of width T jnt , and a main heating pulse of width T majn . 
Such a pulse sequence is applied to nozzle heaters in 
each nozzle of print heads 100a and 100b so as to eject 
a droplet of ink for printing. It is the purpose of table 630 
to calculate each of T ree , T jnt and T main based in part on 
the temperature difference calculated in step S5910. 
[0570] At the same time, it is recognized that the pulse 
widths of the pulse driving sequence differ based on par- 



ticular combinations of print head, ink characteristics, 
resolution, and the like. Accordingly, as shown in Figure 
60, tables 630 include individual tables such as 632a, 
632b, etc. Each table 632a, 632b, etc. is tailored for a 

s particular combination of print head, ink type and reso- 
lution. As shown at 630, each table includes entries 634 
for the width of the pre-heat pulse T prei entries 635 for 
the width of the quiescent interval T jnt , and entries 636 
for the width of the main heating pulse T main . Any one 

10 particular entry is accessed through look-up operation 
based on the temperature difference T diff calculated at 
step S5910. 

[0571] Printer 1 0 selects one table of driving time from 
the tables stored at 630, based on a default selection or 

15 based on a commanded selection. Printer 10 thereafter 
accesses the entries in the selected table, and looks up 
appropriate times for the pre-heat pulse, the quiescent 
interval, and the main heat pulse, all based on the tem- 
perature difference calculated in step S5910, and in a 

20 particular combination of print head/ink/resolution. 

[0572] Reverting to Figure 59, step S5912 modifies 
the driving times obtained by look-up operation from ta- 
ble 630, based on the control ratio for driving that was 
received in step S5901. The purpose of this step is to 

25 allow for modification of pre-stored values from look-up 
tables 630, taking into consideration any difference be- 
tween an actual print head mounted in printer 10, and 
the print head combination stored in table 630. In more 
detail, and as explained previously, although ROM 92 

30 of printer 10 is pre-stored with plural tables for driving 
times, with each table tailored to a particular combina- 
tion of print head/ink and resolution, it is not possible to 
anticipate each and every combination of print head/ink 
and resolution. Modification in step S591 2, therefore, al- 

35 lows for use of previously unknown, or otherwise un- 
stored, combinations of print head/ink and resolution. 
[0573] Modification in step S5912 is preferably 
through multiplication of the driving times obtained 
through look-up operation in step S5911 by the control 

40 ratio received in step S5901 . For this reason, the default 
control ratio is 1 00%. The control ratio that is command- 
able through the change pulse control ratio command 
[PCR] is constrained to lie between 1 % to 200%, thereby 
allowing modification of pulse times from effectively 

45 negligible pulse times up to twice the values stored in 
tables 630. 

[0574] Flow then advances to step S5914, in which 
printer 10 looks up heat-up coefficients for head temper- 
ature calculations. As described previously in connec- 

50 tion with tables 621 of Figure 60, heat-up coefficients 
are obtained based on a particular combination of print 
head, ink and resolution, and are looked up from one of 
tables 622a, etc. based on the number of dots printed 
per cycle, each having a duration of approximately 50 

55 msec. 

[0575] Step S5915 modifies the heat-up coefficients 
based on the control ratio received in step S5903. Again, 
the purpose of such modification is to permit usage of a 
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particular combination of print head, ink and resolution 
not already stored in one of tables 621. 
[0576] Preferably, modification of the heat-up coeffi- 
cients in step S591 5 is through multiplication of the co- 
efficients obtained through look-up operation in step 
S5914 by the control ratio received in step S5903. For 
this reason ; the default control ratio is 1 00%. The control 
ratio that is commandable through the change pulse 
control ratio command [PGR] is constrained to lie be- 
tween 1% to 200%, thereby allowing modification of 
heat-up coefficient from effectively negligible values up 
to twice the values stored in tables 221 . 
[0577] In step S5916 : printer 10 controls nozzle driv- 
ing based on the modified driving times obtained in step 
S5912, all in response to a command from host proces- 
sor 2 that sends print data to printer 1 0, and a command 
for printer 10 to print such data (step S5917). Flow re- 
peats as before, with steps S5906 through S5915 being 
executed at 50 msec cyclic intervals, for example, and 
with control over nozzle driving based on modified driv- 
ing times, as set out in step S5916, being executed as 
commanded by host processor 2. In addition, it should 
be recognized that control ratios for driving, as well as 
control ratios for head temperature calculations, may be 
sent from host processor 2 at any time, and are respond- 
ed to by printer 10 as set out in steps S5901 and S5903 
described above. 

[0578] Figure 61 is a flowchart for describing use of a 
real-time environmental temperature for determination 
of driving times. In the preferred embodiment of the in- 
vention, environmental temperature T env used for deter- 
mination of driving times for nozzles of a print head is 
real-time environmental temperature T envR . 
[0579] Accordingly, in step S6101, real-time temper- 
ature T envR is measured using temperature sensor 103a 
shown in Figure 9 and is retrieved through an A/D con- 
verter and I/O ports 96. In step S6102, a hard-power-on 
timer is incremented. Then, in step S6103, real-time 
temperature T envR is updated using the hard-power-on 
timer so as to account for effects of continued operation 
of printer 10 on environmental temperature. 
[0580] In step S6104, it is determined if T envR is less 
than zero degrees Celsius, in which T envR is set equal 
to zero degrees Celsius in step S61 05. Likewise, in step 
S6106, it is determined if T erwR is greater than seventy 
degrees Celsius, in which case T envR is set equal to sev- 
enty degrees Celsius. 

[0581] Instep S6108, a head target temperature is re- 
trieved as explained above with reference to Figures 39 
and 40, using T envR as T env . 

[0582] Figure 62 is a diagram for describing control of 
heat pulse width modulation after automatic prefire op- 
erations performed based on a fixed time interval. 
[0583] As shown in Figure 62, pulse width modulation 
varies across each scan line so as to maintain stable 
printing density. Prefire operations occur after scan lines 
during which a three second time interval from a previ- 
ous prefire operation expires. 



[0584] After each prefire operation, cartridge recepta- 
cle 405 must move from prefire area 439 to printing area 
644 before printing can resume. A print head carried by 
cartridge receptacle 405 cools during this motion. As a 

5 result, after a prefire operation, maximum pulse width 
647 is employed when printing resumes, as shown in 
Figure 62. It should be noted that the pulse widths ac- 
tually comprise a pre-heat pulse, a quiescent interval, 
and then a main pulse as illustrated for maximum pulse 

io width 647. 

[0585] The control of heat pulse modulation illustrated 
in Figure 62 may be sufficient to maintain printing quality 
in a case that prefiring occurs based on a single short 
fixed time interval. However, the heat pulse modulation 

is can be modified to accommodate better the prefire op- 
erations according to the invention, in which prefire op- 
erations can be separated by varying time intervals as 
discussed above in Section 8.1.1. 
[0586] Figure 63 is a diagram for describing heat 

20 pulse width modulation for a print head according to the 
invention in which a heat pulse width is maximized after 
a first time interval since a previous prefire operation. 
[0587] In Figure 63, prefire operation 651 occurs after 
six-second interval 652 since previous prefire operation 

2B 653. Six second interval 652 is an example of a long 
interval during which a nozzle-number-change is not de- 
tected. Such long intervals are described above with ref- 
erence to Figures 50 and 51 . 

[0588] During the first part of the long interval, the 

30 nozzles of a print head carried by cartridge receptacle 
405 are operating in a "safe region". This safe region is 
defined by a threshold before which prefire operations 
are not performed even if a change in a number of driven 
nozzles occurs, also as described above with reference 

35 to Figures 50 and 51 . During the safe region of opera- 
tion, the nozzles tend to remain free of drying or coag- 
ulating ink. Accordingly, pulse width modulation along 
the lines discussed above with respect to Figures 59 to 
62 results in acceptable image quality. 

40 [0589] After the safe region, the nozzles of a print 
head carried by cartridge receptacle 405 are operating 
in a "sensitive region", again as described above with 
reference to Figures 50 and 51 . During this sensitive re- 
gion of operation, ink can begin to dry or coagulate in 

45 the nozzles of the print head. Therefore, according to 
the invention, maximum pulse width 654 is used to drive 
the nozzles when operating in the sensitive region. Like- 
wise, if prefire is delayed until the "danger region" of op- 
eration discussed above with reference to Figure 50 and 

so 51 , a maximum pulse width continues to be used to drive 
the nozzles. 

[0590] After a prefire operation, maximum pulse width 
656 is used to drive the nozzles to account for cooling 
of the print head while cartridge receptacle 405 moves 
55 from prefire area 439 to the printing area. Then, pulse 
width modulation along the lines described above with 
respect to Figures 59 to 62 resumes, until the nozzles 
again are operating in a sensitive or danger region. 
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[0591] Figure 64 is a flowchart for describing heat 
pulse width modulation according to an embodiment of 
the invention in which a heat pulse width is maximized 
after a first time interval since a previous prefire opera- 
tion. This pulse width modulation control represents a 
modification of the pulse width modulation control de- 
scribed above with reference to Figures 59 to 62. 
[0592] The pulse width modulation control of Figure 
64 preferably is executed repeatedly by print control 110 
at cyclic intervals of, for example, 50 msec so as to up- 
date pulse width modulation in real time. More specifi- 
cally, the pulse width modulation control of Figure 64 is 
executed every 50 msec, for example, from step S1906 
of Figure 19. 

[0593] In step S6401, it is determined if a recording 
medium is loaded into printer 10. If no recording medium 
is loaded, printing does not occur, and flow returns to 
Figure 19. Otherwise, flow proceeds to step S6402, 
where it is determined if a prefire operation is underway. 
If a prefire operation is underway, pulse width modula- 
tion is controlled according to print head configuration 
as described above with reference to Figure 56, so flow 
returns to Figure 1 9. Otherwise, flow proceeds to steps 

56403 and S6404. 

[0594] In steps S6403 and S6404, pulse width mod- 
ulation parameters are determined as described above 
with reference to Figures 59 to 62. In this embodiment 
of the invention, the pulse width parameters are re- 
turned in the form of a pulse number. A higher pulse 
number represents a heat pulse that causes a nozzle to 
eject more ink, and a lower pulse number represents a 
heat pulse that causes a nozzle to eject less ink. 
[0595] It is determined in step S6405 if a prefire timer 
(PFT_A or PFT_B) is greater than a threshold (e.g., 
three seconds) defining a "sensitive region" for print 
head nozzle operation. If a prefire timer exceeds the 
threshold, flow proceeds to step S6406, and a maximum 
pulse width is used for pulse width modulation. By virtue 
of this step, a maximum pulse width is used during those 
times when nozzles are more likely to experience drying 
or coagulating of ink. The use of a maximum pulse width 
decreases the likelihood of nozzles becoming clogged, 
which would degrade image quality. Flow then proceeds 
to step S6411. 

[0596] If a prefire timer does not exceed the threshold, 
step S6407 determines if the pulse number from step 

56404 is less than the previously determined pulse 
widlh number. If the determined pulse number is less 
than the previous pulse width number, then in step 
S6408 the current pulse number is set equal to the pre- 
vious pulse number minus one. 

[0597] Likewise, step S6409 determines if the pulse 
number from step S6404 is greater than the previously 
determined pulse width number. If the determined pulse 
width number is greater than the previous pulse width 
number, then in step S6410 the current pulse number is 
set equal to the previous pulse number plus one. 
[0598] By virtue of the operation of steps S6407 



through S6410, a rate of change in current pulse width 
numbers is limited to one per time that the pulse width 
modulation function is called. As a result, changes in 
pulse width modulation tend to be smoother than in con- 
s ventional systems, evening out resulting print density 
across a scan line. 

[0599] In step S6411 , the current pulse width number 
is converted into heat pulse times, which are sent to con- 
trol logic 94 in step S6412. Then, flow returns to Figure 
10 19. 

9.0 Color Printing Using Multiple Inks 

[0600] As described above, printer driver 84 performs 

is various functions to convert input multilevel RGB data 
to binary CMYK data for use in printing. Fig. 65 is a flow 
diagram of computer- executable process steps to con- 
vert RG B data of a single pixel into corresponding binary 
data for each of yellow ink, magenta ink, cyan ink, black 

20 high-penetration ink and black low-penetration ink. The 
process steps are preferably included in printer driver 
84 and executed out of RAM 86 by CPU 70. 
[0601] Briefly, the Fig. 65 process steps include a first 
determining step to determine a first amount of low-pen- 

25 etration black ink corresponding to the multi-level value, 
a second determining step to determine a second 
amount of high-penetration black ink corresponding to 
the multi-level value and a printing step to print the pixel 
using the first amount of low-penetration black ink cor- 

30 responding to the multi-level value and the second 
amount of high-penetration black ink corresponding to 
the multi-level value. 

[0602] Specifically, flow begins at step S6501, in 
which RGB data for an input pixel is received. The input 

35 RGB data is preferably multi-value RGB data consisting 
of 8-bit red, green and blue values. The RGB data is 
converted to corresponding CMYK multi-bit values in 
step S6502. Next, in step S6504, a cyan data value re- 
sulting from step S6502 is subjected to output correc- 

40 tion. In this regard, a magenta data value from step 
S6502 is subjected to output correction in step S6505 
and output correction is performed on a yellow data val- 
ue and a black data value produced in step S6502 in 
steps S6506 and S6507, respectively. Output correction 

45 is also performed, in step S6508, on the black data value 
produced in step S6502. It should be noted that output 
correction performed in S6508 is performed on the 
same black data upon which output correction is per- 
formed in step S6507, however, output correction in step 

so S6507 produces an output- corrected value correspond- 
ing to black high-penetration ink and output correction 
performed in step S6508 results in a value correspond- 
ing to low-penetration black ink. 

[0603] Fig. 66 shows a graph which may be used for 
55 performing steps S6504 to S6508. In this regard, each 
graphed line in Fig. 66 represents corresponding input 
and output values used to perform output correction for 
a particular type of ink. For example, to perform output 
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correction corresponding to dye black ink, an input black 
color value, produced in step S6502, is located on the 
horizontal axis, an imaginary vertical line is drawn to in- 
tercept the graphed line representing dye black ink, and 
an imaginary horizontal line is drawn from the intercep- 
tion point to the numbered vertical axis. The output-cor- 
rected value corresponding to the input color value is 
determined according to the point at which the imagi- 
nary horizontal line intersects the numbered vertical ax- 
is. 

[0604] After output correction is performed as de- 
scribed above in steps S6504 to S6508, each output- 
corrected value is subjected to halftoning. Specifically, 
output-corrected cyan data is subjected to halftoning in 
step S6510, output-corrected magenta data is subject 
to halftoning in step S6511 , output-corrected yellow data 
is subjected to halftoning in step S6512, output-correct- 
ed dye black data is subjected to halftoning in step 
S6513 and output-corrected pigment black data is sub- 
jected to halftoning in step S6514. It should be under- 
stood that the halftoning processes used in step S6510 
to step S6514 will result in either a "0" or "1" value. As 
a result, when printing the pixel corresponding to the da- 
ta input in step S6501, the pixel may be printed using 
no ink droplets, all ink droplets of each type of ink dis- 
cussed above, or some combination thereof. Notably, 
and in contrast to conventional systems, both dye black 
ink and pigment black ink may be used to print the pixel. 
In step S6516, the halftoned data produced in each of 
steps S6510 to S6514 is placed in print buffer 109 for 
subsequent printing as described above. 
[0605] In addition, the binarized data resulting from 
the process steps of Fig. 65 is preferably used to print 
yellow, magenta, cyan and high-penetration black ink 
droplets having a small droplet size and low-penetration 
black ink droplets having a larger droplet size. Such a 
configuration has been shown to produce high-quality 
text and black regions, while maintaining good quality 
within color regions. 

10.0 Status-Based Control Over Printer 

[0606] Figures 67 through 82 are used for explaining 
how the print driver obtains status of the printer and uses 
such status to control printer operations. In particular, 
these figures explain how the print driver uses status of 
the printer, and/or status of the printer coupled with the 
current environment of the computing equipment, so as 
to modify operational control parameters for the printer 
from their default values, and/or so as to modify the 
manner in which print data is derived by the print driver 
for printout by the printer, so that the print data is derived 
in a manner different from default methods taking into 
consideration the current status of the printer. 
[0607] Many advantages result from status-based 
control over the printer. Specifically, operation of the 
printer is often fixed at design time with large operational 
margins, so as to accommodate all possible variations 



in status of the printer. While such large margins ensure 
operability across a large variety of possible status con- 
ditions, the large margins often result in inefficient usage 
at particular status conditions. Temperature, for exam- 
5 pie, is one example of printer status that causes large 
design margins in the printer, so as to accommodate 
good printer operation across a large variation in tem- 
perature. With large design margins, good printout can 
be obtained across a wide variety of temperatures. How- 
io ever, the cost of such printout is often decreased effi- 
ciency at one temperature (such as normal room tem- 
perature) so as to ensure good printout at another tem- 
perature (such a very cold or very warm temperatures). 
Representative embodiments of the invention, there- 
in fore, obtain printer status in the form of temperature, and 
modify how the printer is controlled based on the status, 
and/or modify how print data is derived based on such 
status. 

20 10.1 Obtaining Status 

[0608] Figures 67 through 69 illustrate generally how 
the print driver obtains status and uses the status to 
modify operational parameters of the printer and/or how 

25 the print driver derives print data, with such modifica- 
tions departing from otherwise default processing. 
[0609] Figure 67 is a functional block diagram similar 
to those shown in Figures 9 and 18, showing computing 
equipment 1 communicating with printer 10. As shown 

30 in Figure 67, computing equipment 1 includes operating 
system 81, an application program 82a which effects a 
print request, print driver 84, and print data store 107. 
Computing equipment 1 communicates to printer 10 
over a bi-directional interface 76, such as a Centronix 

35 or a network interface. Printer 1 0 includes printer control 
software 110 which stores print data from print driver 84 
in a print data buffer 109, and causes such print data to 
be printed by print engine 1 01 . 

[0610] Figure 68 is a flow diagram illustrating how 

40 print driver 84 obtains status from printer 10 and modi- 
fies otherwise default processing of print data genera- 
tion, and/or modifies otherwise default operational pa- 
rameters for the printer, all based on the status so-ob- 
tained. In Figure 68, processing shown on the left-hand 

45 side is processing performed by print driver 84 in com- 
puting equipment 1, whereas processing shown on the 
right-hand side is processing performed by print control- 
ler 110 in printer 10. All such operations are performed 
in response to a request from application program 82a 

50 to print a particular print job. 

[0611] In step S6801, print driver 84 obtains the cur- 
rent environment of the computing equipment. Current 
environment includes, for example, time, date and loca- 
tion information, and other like environmental informa- 

55 tion available from the computer and its operating sys- 
tem 81. As shown below, such environmental informa- 
tion may be used by driver 84 to make even further re- 
finements to the modifications made based on printer 
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status. For example, certain operations may be per- 
formed more or less frequently, or not at all. at certain 
times of day. 

[0612] In step S6802. print driver 84 obtains printer 
status. Print driver 84 obtains printer status by sending 
a ISTATUS] command over bi-directional interface 76 to 
printer 10. Printer controller 110 responds in step S6804 
by providing its current status to the print driver over bi- 
directional interface 76 Examples of status requested 
by print driver 84 and provided from printer 10 include 
printer temperature, firmware version lor the printer as 
well as its capabilities and current configurations, cur- 
rent and on-going operations of the printer (such as 
cleaning, aligning, purging, sheet feeding), processor 
speed and power, and any of the variety of information 
available in the printer's EE PROM. 
[0613] Flow in print driver 84 next advances to step 
S6805 in which the print driver modifies operational pa- 
rameters of the printer based on the printer status so 
obtained, and/or based on the environment of comput- 
ing equipment 10. Examples of operational parameters 
that may be changed in this step S6805 include adjust- 
ment of times between printhead prefires, adjustment of 
smear time, adjustment of automatic-sheet-feeder 
(ASF), speed for sheet feeding, adjustment of printhead 
purge speed, and the like. Print driver 84 modifies these 
operational parameters from their default values by 
transmission of appropriate commands over the bi-di- 
rectional interface to printer 10, as described more fully 
below in connection with representative embodiments 
of the invention. Printer 10 responds to such commands 
in step S6806 by storing the modified operational pa- 
rameters in place of their default values. 
[0614] Flow in print driver 84 next advances to step 
S6807 in which print driver modifies its own operation, 
such a modification of its user interface, based on the 
printer status and/or based on the computer's environ- 
ment. Examples of such operational modifications from 
otherwise default operations include the display of spe- 
cial messages to the user, such as a display of a mes- 
sage todelay insertion of a manually-fed sheet until after 
on-going printer operations have terminated. 
[0615] Flow next advances to step S6809 in which the 
print driver modifies the manner in which it derives print 
data from otherwise default data processing, all based 
on the status of the printer and/or based on the status 
of the printer and the current environment of computing 
equipment 10. Examples of such print data processing 
modifications include modifications to printer correction 
tables so as to reduce effects of ink bleed and/or ink 
smear, modifications to data compression processing 
so as to change data compression algorithms to more 
efficient algorithms, or to turn off compression altogeth- 
er in situations where the printer 10 can accommodate 
uncompressed data more quickly than compressed da- 
ta, and the like. The print data so generated is sent over 
bi-directional interface 74 to printer 10 using the [DATA] 
command, in response to which printer 10 prints out 



such data in step S6810. 

[0616] One important status variable obtained from 
printer 10 is current temperature of the printer. Here, 
temperature of the printer refers not to internal temper- 

5 ature of any of the printer components (such as the print- 
er head or the printer circuit board), but rather to ambient 
temperature of the printer. Ambient temperature of the 
printer defines in large part the environment in which the 
printer is printing, and largely controls a variety of phys- 

io jcal phenomena such as ink drying time, ink viscosity, 
recording media "slipperiness" (i.e., the ability of printer 
10 to feed and to advance a recording medium from the 
sheet feed tray to the eject tray), and the like. 
[0617] Figure 69 illustrates a flow sequence executed 

15 by print controller 1 1 0 so as to obtain temperature. The 
flow steps illustrated in Figure 69 are a more detailed 
explanation of step SI 91 6 of Figure 19, and obtain the 
status temperature of the printer based on the real time 
environmental temperature TenvR derived according to 

20 the steps illustrated in Figure 61. 

[0618] The overall effect of the process steps shown 
in Figure 69 is to set the printer status temperature to 
the real time environmental temperature TenvR after the 
printer has remained inoperative in the capped state for 

25 at least two hours. The process steps shown in Figure 
69 are executed at the one minute interrupt leveL(see 
Figure 1 9), and cause an increment in a running minute 
counter (step S6901 ). In step S6902, the capping state 
of the printer is investigated. If the printer is not currently 

30 jn the capped state, flow branches to step S6904 in 
which a capping counter is reset to zero, whereafter flow 
terminates until the next one minute interrupt. On the 
other hand, if step S6902 determines that the printer is 
currently capped, then step S6905 increments a cap- 

35 ping counter. Steps S6906 and S6907 determine wheth- 
er the capping counter has reached 120, corresponding 
to 120 minutes in the capped state. If the capping coun- 
ter has not reached a count of 1 20, then flow terminates 
until the next one minute increment. On the other hand, 

40 jf the capping counter has reached 1 20, then the printer 
status temperature TenvL is set to the current value of 
the real time temperature TenvR. Flow thereafter termi- 
nates until the next one minute increment. 

45 10.2 Bleed Reduction 

[0619] Figures 70 through 72 illustrate how driver 84 
modifies its processing of print data from otherwise de- 
fault processing, so as to reduce bleed, based on printer 

50 status. In the embodiments illustrated in Figures 70 
through 72. modifications are based on printer status 
temperature TenvL, and the modifications act so as to 
reduce the overall amount of ink ejected by the print- 
heads in high temperature situations where there is 

55 more possibility for ink bleeding. 

[0620] Figure 70 illustrates process steps for bleed re- 
duction in which print driver 84 makes a selection of 
color tables based on the printer status. Thus, in step 
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S7001 , print driver 85 obtains printer status temperature 
TenvL. Step S7002 tests the printer status temperature 
against a fixed predetermined amount, preferably 32°C. 
If the printer status temperature TenvL is not less than 
or equal to the fixed predetermined temperature, then 
flow branches to step S7003 in which a color correction 
table is selected based on the higher possibility for ink 
bleed. Specifically, step 7003 selects color Table 2 
which limits the amount of ink ejected by printer 10 for 
high temperatures. In this regard, it is inferred that high 
temperatures also involve high humidities, which in- 
crease overall ink drying time. 

[0621] On the other hand, if step S7002 determines 
that the printer status temperature TenvL is less than or 
equal to the predetermined threshold, then flow advanc- 
es to step S7004 to select a color correction table that 
does not limit the amount of ink ejected by printer 10 as 
much as color Table 2. Specifically, since printer tem- 
perature TenvL is relatively cooler, there is less possi- 
bility for ink bleed, and color table 1 is selected that al- 
lows for default processing. 

[0622] Figure 71 illustrates values stored in color table 
1 as opposed to values stored in Color Table 2. Figure 
71 is a graph of such values, for each of cyan, magenta, 
yellow and black inks. The graphs give an output multi- 
level value obtained from the color table as a function 
of an input multilevel value. Values for table 1 are shown 
with solid lines. As seen in Figure 71 , output values for 
table 1, for each of cyan, magenta, yellow and black 
inks, increase gradually for increasing input values. 
[0623] Values for table 2 are shown in dotted line, and 
for input values of zero through 240 are identical to val- 
ues in table 1 . However, beyond input value 240, values 
for table 2 are maintained at a constant level, thereby 
limiting the amount of ink ejected at higher temperatures 
and reducing the possibility of ink bleed. 
[0624] In the embodiment shown in Figure 70, differ- 
ent color tables were selected by print driver 84 based 
on the printer status temperature TenvL. It is also pos- 
sible for print driver 84 to modify values in a look-up ta- 
ble, rather than to select between different look-up ta- 
bles. Figure 72 illustrates this alternative embodiment. 
[0625] Thus, in step S7200, print driver 84 obtains 
printer status temperature TenvL. Next, in step 7201 , a 
standard printer color correction table is loaded into 
memory. Step S7202 tests the printer status tempera- 
ture against a fixed predetermined threshold such as 
32°C. If the printer status temperature is less than or 
equal to the fixed threshold, then no modifications are 
made to the loaded printer color correction table. On the 
other hand, if the printer status temperature exceeds the 
fixed predetermined threshold, then flow branches to 
step S7203 where print driver 84 modifies the values in 
the color correction look-up table so as to reduce the 
possibility of ink bleed. Suitable modifications are mod- 
ifications to values so as to obtain the values shown in 
Figure 71 . 

[0626] By virtue of the foregoing, where the print driv- 



er modifies data processing from otherwise default data 
processing based on printer status, it is possible to re- 
duce ink bleed. 

5 10.3 Smear Reduction 

[0627] "Smear" is a phenomenon by which ink on a 
recording medium currently in the ejection tray has not 
sufficiently dried, which allows the leading edge of a sec- 

10 ond recording medium currently being ejected from (or 
printed on by) the printer to smear the undried ink 
[0628] To control smear, print controller 110 imple- 
ments smear control processing shown in Figures 73A 
and 73B. The processing in Figure 73B is simple, and 
merely decrements a non-zero smear timer at the one 
second interrupt level (see step S1911 in Figure 19). 
Figure 73A shows how the smear timer is used in con- 
nection with currently printed dot density so as to reduce 
the possibility of undried ink being smeared by the lead- 

20 jng edge of a subsequent recording medium. 

[0629] Thus, in step S7301 , printer 10 loads a record- 
ing medium from a print tray, and in step S7302 the print 
controller 1 1 0 sets the smear timer to zero. Step S7304 
represents normal printout by the printer, during each 

2s scan of which the print controller 1 1 0 determines wheth- 
er dot density for any one scan exceeds a driver-settable 
threshold for dot density (step S7305). Unless the dot 
density for any one scan exceeds the threshold, no spe- 
cial processing is needed because such low amounts of 

30 ink are being ejected onto the recording medium that 
the possibility for smear is greatly reduced. On the other 
hand, if step S7305 determines that the print dot density 
for any one scan exceeds the driver-settable threshold, 
then flow branches to step S7306 in which the smear 

35 timer is set to a driver controlled value. Since the smear 
timer is now non-zero, the smear timer will be decre- 
mented in accordance with the processing of Figure 
73B, explained above. 

[0630] As will be appreciated in consideration of the 

40 following explanations of Figures 74 and 75, both the 
driver-settable print density threshold and the driver- 
controlled smear timer value are determined in accord- 
ance with printer status, thereby achieving a control in 
smear parameters based on printer status. 

45 [0631] Returning to Figure 73A, step S7307 deter- 
mines whether an end of page has been reached, until 
which flow loops back up through step S7304. If end of 
page has been reached, then if the printed page is the 
last page (step S7309), the currently-printed recording 

so medium is simply ejected (step S7310). On the other 
hand, if the currently-printed recording medium is not 
the last page ; then flow branches to step S7311 which 
checks to determine whether the smear timer has yet 
been decremented to zero. Until the smear timer has 

55 been decremented to zero, the currently-printed record- 
ing medium is not permitted to be ejected. However, as 
soon as the smear timer has been decremented to zero, 
then flow advances to step S731 2, where the currently- 
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printed recording medium is ejected to the eject tray, a 
new recording medium is loaded from the supply tray, 
and flow loops back up to step S7304. 
[0632] Figures 74 and 75 are flow diagrams illustrat- 
ing how print driver 84 sets the value for the smear timer, s 
and sets the density threshold for smear control, based 
on current status of printer 10. Thus, in Figure 74, driver 
84 calculates the value of the smear timer based on 
printer status and sends the value of the smear timer to 
printer 10. Specifically, in step S7401, driver 84 obtains 
printer status in the form of printer status temperature 
TenvL. Step S7402 tests the value of the temperature 
to determine whether it is in a nominal range between 
T A and T 2 . Typical values for the range are between 
15°C and 35°C. If the printer status temperature TenvL 
is within the range T, and T 2 , then the smear timer is 
set to a first value which contemplates short ink dry 
times coupled with lowered probability of ink smear 
(step S7404). On the other hand, if the printer status 
temperature TenvL is outside the range of T n and T 2 , 
then driver 84 selects a second smear timer value which 
is larger than the first smear timer value, and which con- 
templates both longer ink drying times coupled with 
higher probability of smear In step S7407, driver 84 
sends the selected smear timer value to printer 10. 
[0633] Figure 75 illustrates process steps by which 
driver 84 modifies the dot density threshold based on 
printer status, and sends the modified value to printer 
10. Thus, in stepS7501, driver 84 obtains printer status 
in the form of printer status temperature TenvL. In step 
S7502, driver 84 tests the printer status temperature to 
determine whether it falls within a range of Tj to T 2 , such 
as between 1 5°C and 35°C. If the printer status temper- 
atu re falls within the range of T, to T 2 , then a first density 
threshold value is selected which contemplates relative- 
ly fast ink drying times coupled with a correspondingly 
high density threshold. On the other hand, if the printer 
status temperature falls outside the range T-, to T 2 , then 
flow advances to steps S7505, or S7506, as appropri- 
ate, in which the smear threshold is set to a second val- 
ue lower than the first value, which contemplates rela- 
tively long ink drying times coupled with a correspond- 
ingly lower density threshold. In step S7507. driver 84 
sends the selected density threshold to printer 10. 

10.4 Automatic Sheet Feed (ASF) Speed 

[0634] Figures 76 and 77 are flow diagrams for ex- 
plaining how print driver 84 modifies speed at which 
printer 10 feeds sheets from the feed tray, based on 
printer status or based on printer status and current en- 
vironment of computing equipment 1. 
[0635] In the embodiments of Figures 76 and 77, 
printer status that is used to modify feed speed is the 
printer status temperature TenvL. Specifically, at lower 
temperatures, sheets in the feed tray tend to be more 
slippery, because of a combination of reduced friction at 
lower temperatures coupled with a hardening of the rub- 



berized sheet feed rollers in printer 1 0. Accordingly, at 
lower temperatures, a slower but more certain feed 
speed is selected; on the other hand, at higher temper- 
atures, a quicker feed speed is selected because of the 
relative ease at which recording media are fed. 
[0636] Thus, as shown in Figure 76, in step S7601 
print driver 84 obtains printer status temperature TenvL 
from printer 10, and in step S7602 determines whether 
the temperature is below a predetermined threshold 
such as 18°C. If the printer status temperature is less 
than or equal to the determined threshold, then the 
speed at which sheets are fed by the automatic sheet 
feeder is reduced to a slower speed (step S7604). On 
the other hand, if the temperature is high enough, mean- 
ing that recording media may be fed with greater cer- 
tainty even at a high speed, then print driver 84 selects 
a high speed for automatic sheet feeding. 
[0637] In step S7606, print driver 84 sends the select- 
ed feeding speed to printer 10, using a parameter in the 
[LOAD] command. 

[0638] Figure 77 illustrates an embodiment in which 
both the printer status and the current environment of 
computing equipment 10 are used in coordination by 
driver 84 so as to select the speed of the sheet feeding. 
Specifically, in the embodiment of Figure 77, a slower 
(and consequently less noisy) speed of feed is always 
selected at nighttime, as determined by print driver 84 
from the current configuration of computing equipment 
1. On the other hand, in daytime, a high feed of sheet 
feed is selected so long as printer status temperature is 
large enough; otherwise, a low speed of sheet feed is 
selected. 

[0639] Thus, in step S7701, print driver 84 gets cur- 
rent printer status temperature TenvL, and in step 7702 
print driver 84 obtains current configuration and time of 
day from computing equipment 1. In step S7703, print 
driver 84 determines, based on time of day, whether it 
is nighttime, for example, by comparing time of day to 
determine whether it lies in the range of 5:00 a.m. to 10: 
00 p.m. If time of day is outside the normal daytime 
range, then flow advances to step S7705, in which a 
slow speed for sheet feed is always selected. 
[0640] On the other hand, if in step S7703 the print 
driver 84 determines that it is not nighttime, then flow 
advances to step S7706 in which print driver 84 deter- 
mines whether printer status temperature TenvL is high 
enough so as to select a high speed of sheet feed. If 
printer status temperature is large enough, then a high 
speed is selected (step S7708), whereas if temperature 
is not high enough, then a low speed is selected (step 
S7707). 

[0641] Flow then advances to step S7710 in which 
print driver 84 sends the selected speed of sheet feed 
to printer 10 using a parameter in the [LOAD] command. 

10.5 Prefire Timing 

[0642] Figure 78 is a flow diagram for explaining how 
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print driver 84 modifies the operational parameter of 
printer 10 that controls the timing for prefire operations, 
based on status of the printer 

[0643] In the embodiment of Figure 78, the printer sta- 
tus that affects prefire timing is printer status tempera- 
ture TenvL. Specifically, at lower operating tempera- 
tures, ink tends to be more viscous, meaning that more 
frequent prefirtngs are needed; consequently, a lower 
prefire timing interval is selected. On the other hand, at 
higher operating temperatures, ink is less viscous, 
meaning that less frequent prefirings are needed with a 
correspondingly higher prefire timing interval. 
[0644] Thus, in step S7801, print driver 84 obtains 
printer temperature status TenvL, and in step S7802 
compares the printer status temperature to a fixed 
threshold such as 18°C. If the temperature is less than 
the threshold, then a default relatively short prefire in- 
terval is selected, such as prefiring every three seconds. 
On the other hand, if the temperature is larger than the 
threshold, then a relatively long prefire interval is select- 
ed, such as six seconds. In any event, flow thereafter 
advances to step S7806 in which print driver 84 sends 
the selected prefire interval to printer 10 using the 
[PREFIRE_CYC] command. 

10.6 Delay of Manual Feed 

[0645] Figures 79 and 80 are views for explaining how 
print driver 84 modifies its own operation based on sta- 
tus of printer 10. 

[0646] Figure 79 shows a portion of user interface 690 
displayed by print driver 84 on display 2. Figure 79 
shows a "setting" tabbed dialog for user interface 690, 
and as shown in Figure 79, the tabbed dialog includes 
a region 691 which permits the user to set media type, 
size and orientation, as well as a check box 692 which 
permits the user to specify that he will feed paper man- 
ually and that automatic sheet feed operations should 
be bypassed. Upon selection of checkbox 692, the print 
driver will command printer 1 0 so as to cause media in- 
serted at manual feed slot 17 (see Figure 3) to be drawn 
into printer 1 0, rather than automatic sheet feeding from 
supply tray 14. 

[0647] However, as explained in connection with Fig- 
ures 5A and 5B, a single motor 34 is utilized for many 
different functions including line feed operations for a 
currently-printing sheet, sheet feed operations for a 
sheet from feed tray 1 4, and purging operations in purge 
unit 46. It is therefore possible for a user to encounter 
difficulties if he attempts to feed a sheet manually before 
the printer is ready, for example, before the printer has 
completed a purge operation. 

[0648] According to this embodiment of the operation, 
therefore, print driver 84 modifies its operation based on 
status of printer 1 0, so as to display a message request- 
ing the user to delay manual insertion of a sheet until 
the printer has completed a purge operation, in situa- 
tions where print driver 84 has been set to a manual feed 



configuration (through check box 692) and current sta- 
tus oi the printer indicates that a purge operation is on- 
going. 

[0649] Thus, referring to Figure 80, in step S8001, 
5 print driver 84 determines whether check box 692 has 
been selected by the user thereby setting the print driv- 
er into the manual feed mode. If the check box has not 
been selected, then automatic sheet feeding proceeds 
in accordance with operations described above. 
10 [0650] On the other hand, if manual feed mode has 
been selected, then in steps S8002 and S8004, print 
driver 84 obtains status from the printer so as to deter- 
mine whether a purge operation is on-going. If in step 
S8005 the print driver 84 determines that a purge oper- 
as ation is not on-going, then flow proceeds directly to step 
S8010 in which the print driver displays a message to 
the user on display 2, signifying to the user that a sheet 
should be inserted manually into the manual feed slot. 
On the other hand, if a purge operation is on-going, flow 
20 branches to step S8006 in which print driver 84 displays 
a message on display 2, signifying that the user should 
delay insertion of a sheet into the manual feed slot. Spe- 
cifically, and as explained above, because a single mo- 
tor is used both for purge operations and sheet feed op- 
2S erations, manual insertion of a sheet into the manual 
feed slot during purge operations might possibly result 
in a failed sheet feed operation. 

[0651] The message of step S8006 remains dis- 
played until printer status returned from the printer to 

30 print driver 84 signifies that the purge operation has 
been completed (steps S8007 and S8008). When print- 
er status indicates that the purge operation has been 
completed, flow advances to step S8010 where, as be- 
fore, print driver 84 displays a message to the user sig- 

35 nifying that it is safe to insert a sheet into the manual 
feed slot. 

[0652] In step S8011, print driver 84 waits for the user 
to signify that he has inserted a sheet into the manual 
feed slot, whereafter flow advances to step S8012 in 
40 which print driver 84 commands printer 1 0 to load paper 
from the manual feed slot using the [LOAD] command. 

10.7 Purge Speed 

45 [0653] Figure 81 illustrates modification of purge 
speed in printer 1 0 by print driver 84 based on status of 
printer 10 or based on status of printer 10 coupled with 
current configuration of computing equipment 1. 
[0654] Operations in Figure 81 that are performed by 

50 print driver 84 are delineated with dotted line 695. As 
shown within those dotted lines, functions performed by 
print driver 84 include a step to obtain current status of 
printer 10, to obtain current configuration of computing 
equipment 1 , to modify purge speed so as to achieve 

55 either a slow purge speed or a fast purge speed, and to 
command a purge operation. 

[0655] In more detail, in steps S81 01 andS8102, print 
driver 84 obtains printer status temperature TenvL and 
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configuration information for computing equipment 1. In 
step S8103, print driver 84 sets the purge speed. The 
purge speed is set based on the printer status temper- 
ature, or based on the printer status temperature cou- 
pled with the current configuration of computing equip- 
ment 1 . Specifically, and as shown in connection with 
similar operations for selection of sheet feed speed in 
Figures 76 and 77, purge speed can be selected based 
only on printer status (for example, a high purge speed 
for a quick purge at the low ink viscosities that occur at 
high printer status temperatures), or based on printer 
status temperature coupled with time of day (for exam- 
ple, a low and quiet purge speed for nighttime opera- 
tions, and a purge speed selected based on printer sta- 
tus temperature for daytime operations). 
[0656] In step S8104, and at times when printer purg- 
ing is needed, print driver 84 causes the printer to exe- 
cute purge operation, for example, by transmission of a 
[RECOVER] command. 

[0657] In response to receipt of a command for purg- 
ing, printer 10 is controlled by print controller 110 to ex- 
ecute purge operations as shown in Figure 81, in ac- 
cordance with either the slow or the high speed set by 
the print driver. 

[0658] By virtue of the foregoing arrangement, good 
purge results are obtained, even at a high purge speed 
that results in a quick purge operation, since the purge 
speed is selected based on printer status and is conse- 
quently tailored for specific aspects of the printer status. 

10.8 Compression Mode 

[0659] Figure 82 illustrates modification of print driver 
operations based on status of printer 10. Here, modifi- 
cations of the print driver operations concern modifica- 
tions over whether or not compression of print data is 
performed prior to transmission of such print data to the 
printer. The decision as to whether or not compressed 
data is sent is made based on printer status, which in 
this case is printer status that indicates whether or not 
DMA (direct memory access) is enabled in the printer 
firmware. 

[0660] By way of explanation, print data compression 
is performed as a default operation in print driver 84 so 
as to compress and thereby minimize the amount of 
print data that is transmitted to the printer Although 
transmission time is minimized by transmitting com- 
pressed data, time is also expended in compressing the 
data on the print driver side, and in decompressing the 
data on the printer side. 

[0661 ] If DMA mode is enabled in the printer firmware, 
then print driver 84 is able to send print data directly to 
print data buffer 109, ordinarily without the involvement 
of print controller 110. In DMA mode, the time needed 
to deposit uncompressed print data directly into print da- 
ta buffer 1 09 is less than the amount of time to compress 
print data, to transmit compressed print data, and to de- 
compress the print data into the print data buffer. Ac- 



cordingly, if print driver 84 determines that DMA mode 
is enabled in the firmware for printer 10. then print driver 
84 modifies its operation by transmitting uncompressed 
data directly into print data buffer 109, rather than by 
5 compressing the print data and transmitting the com- 
pressed print data to controller 110. Figure 82 illustrates 
this operation. 

[0662] Thus, in step S8201, print driver 84 obtains 
printer status in the form of status information that indi- 

10 cates whether firmware in the printer has a DMA capa- 
bility and whether such a capability is enabled. If driver 
84 determines that DMA mode is enabled (step S8202), 
then print driver 84 turns off print data compression (step 
S8204), and DMA's uncompressed print data directly to 

is print data buffer 109 (step S8205). On the other hand, 
if print driver 84 determines from the printer status that 
DMA is not enabled, then print driver 84 maintains its 
default mode of operation, whereby it compresses print 
data prior to transmission (step S8206) and transmits 

20 compressed print data to print controller 110 (step 
S8207). 

[0663] The invention has been described with respect 
to particular illustrative embodiments. It is to be under- 
stood that the invention is not limited to the above-de- 
2S scribed embodiments and that various changes and 
modifications may be made by those of ordinary skill in 
the art without departing from the spirit and scope of the 
invention. 

30 

Claims 

1 . A method for printing on a recording medium within 
a printer having a plurality of print heads, said print 

35 heads printing in accordance with predetermined 
print data by translating in lateral scans across said 
recording medium, said printer being capable of 
performing an alignment process for aligning said 
print heads, a first printing process and a second 

40 printing process, said method for printing compris- 
ing the steps of: 

determining whether said print heads are effec- 
tively aligned; 

45 selecting a printing process, based on the de- 

termination of whether said print heads are ef- 
fectively aligned, of either said first printing 
process or said second printing process; and 
printing on said recording medium in accord- 

so ance with said selected printing process and in 

accordance with said predetermined print data. 

2. A method according to Claim 1 , wherein said plu- 
rality of print heads includes at least a first print head 

ss and a second print head, and wherein said first 
printing process is performed by said first print head 
and said second print head, and said second print- 
ing process is performed by either said first print 
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head or said second print head. 

3. A method according to Claim 1, wherein said first 
printing process directs said print heads to print in 
a bidirectional manner, and wherein second printing 5 
process directs said print heads to print in a unidi- 
rectional manner; 

wherein said selecting step selects said first 
printing process in response to a determination that 
said print heads are effectively aligned; and 10 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

4. A method according to Claim 2, wherein said first '5 
printing process directs said print heads to print in 
a bidirectional manner, and wherein second printing 
process directs said print heads to print in a unidi- 
rectional manner; 

wherein said selecting step selects said first 20 
printing process in response to a determination that 
said print heads are effectively aligned; and 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

5. A method according to Claim 3, wherein said first 
printing process directs said print heads to print by 
laterally scanning across said recording medium for 
a first predetermined plural number of times, and 
wherein said second printing process directs said 
print heads to print by laterally scanning across said 
recording medium lor a second predetermined plu- 
ral number of times. 

6. A method according to Claim 4, wherein said first 
printing process directs said print heads to print by 
laterally scanning across said recording medium for 
a first predetermined plural number of times, and 
wherein said second printing process directs said 
print heads to print by laterally scanning across said 
recording medium lor a second predetermined plu- 
ral number of times. 

7. A method according to Claim 1, wherein said first 
printing process utilizes said plurality of print heads 
to print on said recording medium in accordance 
with said selected printing process and in accord- 
ance with said predetermined print data, and 
wherein said second printing process utilizes a se- 
lected subset of said plurality of print heads to print 
on said recording medium in accordance with said 
solected printing process and in accordance with 
said predetermined print data. 

8. A method for printing on a recording medium within 
a printer having a plurality of print heads, said print 
heads printing in accordance with predetermined 



print data by translating in lateral scans across said 
recording medium, said printer being capable of 
performing an alignment process for aligning said 
print heads, said method for printing comprising the 
steps of: 

determining whether said print heads are effec- 
tively aligned; 

printing on said recording medium, in response 
to a determination that said print heads are ef- 
fectively aligned, by directing said plurality of 
print heads to print in accordance with said pre- 
determined print data in a bidirectional manner 
by laterally scanning across said recording me- 
dium for a first predetermined plural number of 
times; and 

printing on said recording medium, in response 
to a determination that said print heads are not 
effectively aligned, by directing a selected sub- 
set of said plurality of print heads to print in ac- 
cordance with said predetermined print data in 
a unidirectional manner by laterally scanning 
across said recording medium for a second pre- 
determined plural number of times. 

25 

9. Computer-executable process steps stored on a 
computer-readable medium, the computer-execut- 
able process steps for printing on a recording me- 
dium within a printer having a plurality of print 

30 heads, said print heads printing in accordance with 
predetermined print data by translating in lateral 
scans across said recording medium, said printer 
being capable of performing an alignment process 
for aligning said print heads, a first printing process 
35 and a second printing process, said computer-exe- 
cutable process steps comprising: 

code to determine whether said print heads are 
effectively aligned; 
40 code to select a printing process, based on the 

determination of whether said print heads are 
effectively aligned, of either said first printing 
process or said second printing process; and 
code to print on said recording medium in ac- 
45 cordance with said selected printing process 

and in accordance with said predetermined 
print data. 

10. Computer-executable process steps according to 
so Claim 9, wherein said plurality of print heads in- 
cludes at least a first print head and a second print 
head, and wherein said first printing process is per- 
formed by said first print head and said second print 
head, and said second printing process is per- 

55 formed by either said first print head or said second 
print head. 

11. Computer-executable process steps according to 
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Claim 9 ( wherein said first printing process directs 
said print heads to print in a bidirectional manner, 
and wherein second printing process directs said 
print heads to print in a unidirectional manner; 

wherein said code to select a printing process 5 
selects said first printing process in response to a 
determination that said print heads are effectively 
aligned; and 

wherein said code to select a printing process 
selects said second printing process in response to 10 
a determination that said print heads are not effec- 
tively aligned. 

12. Computer-executable process steps according to 
Claim 10, wherein said first printing process directs is 
said print heads to print in a bidirectional manner, 
and wherein second printing process directs said 
print heads to print in a unidirectional manner; 

wherein said code to select a printing process 
selects said first printing process in response to a 20 
determination that said print heads are effectively 
aligned; and 

wherein said code to select a printing process 
selects said second printing process in response to 
a determination that said print heads are not effec- 25 
tively aligned. 



13. Computer-executable process steps according to 
Claim 1 1 , wherein said first printing process directs 
said print heads to print by laterally scanning across 
said recording medium for a first predetermined plu- 
ral number of times, and wherein said second print- 
ing process directs said print heads to print by lat- 
erally scanning across said recording medium for a 
second predetermined plural number of times. 

14. Computer-executable process steps according to 
Claim 1 2, wherein said first printing process directs 
said print heads to print by laterally scanning across 
said recording medium for a first predetermined plu- 
ral number of times, and wherein said second print- 
ing process directs said print heads to print by lat- 
erally scanning across said recording medium for a 
second predetermined plural number of times. 

15. Computer-executable process steps according to 
Claim 9, wherein said first printing process utilizes 
said plurality of print heads to print on said recording 
medium in accordance with said selected printing 
process and in accordance with said predetermined 
print data, and wherein said second printing proc- 
ess utilizes a selected subset of said plurality of print 
heads to print on said recording medium in accord- 
ance with said selected printing process and in ac- 
cordance with said predetermined print data. 

16. Computer-executable process steps stored on a 
computer-readable medium, the computer-execut- 



able process steps for printing on a recording me- 
dium within a printer having a plurality of print 
heads, said print heads printing in accordance with 
predetermined print data by translating in lateral 
scans across said recording medium, said printer 
being capable of performing an alignment process 
for aligning said print heads : said computer-execut- 
able process steps comprising: 

code to determine whether said print heads are 
effectively aligned; 

code to print on said recording medium, in re- 
sponse to a determination that said print heads 
are effectively aligned, by directing said plural- 
ity of print heads to print in accordance with said 
predetermined print data in a bidirectional man- 
ner by laterally scanning across said recording 
medium for a first predetermined plural number 
of times; and 

code to print on said recording medium, in re- 
sponse to a determination that said print heads 
are not effectively aligned, by directing a select- 
ed subset of said plurality of print heads to print 
in accordance with said predetermined print da- 
ta in a unidirectional manner by laterally scan- 
ning across said recording medium for a sec- 
ond predetermined plural number of times. 

1 7. A computer-readable medium which stores compu- 
te ter-executable process steps, the computer-exe- 
cutable process steps for printing on a recording 
medium within a printer having a plurality of print 
heads, said print heads printing in accordance with 
predetermined print data by translating in lateral 

35 scans across said recording medium, said printer 
being capable of performing an alignment process 
for aligning said print heads, a first printing process 
and a second printing process, said computer-exe- 
cutable process steps comprising: 

40 

a determining step to determine whether said 
print heads are effectively aligned; 
a selecting step to select a printing process, 
based on the determination of whether said 
45 print heads are effectively aligned, ol either said 

first printing process or said second printing 
process; and 

a printing step to print on said recording medi- 
um in accordance with said selected printing 
so process and in accordance with said predeter- 

mined print data. 

18. A computer-readable medium according to Claim 
17, wherein said plurality of print heads includes at 

55 (east a first print head and a second print head, and 
wherein said first printing process is performed by 
said first print head and said second print head, and 
said second printing process is performed by either 
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said first print head or said second print head. 

19. A computer-readable medium according to Claim 

17, wherein said first printing process directs said 
print heads to print in a bidirectional manner, and 
wherein second printing process directs said print 
heads to print in a unidirectional manner; 

wherein said selecting step to select a printing 
process selects said first printing process in re- 
sponse to a determination that said print heads are 
effectively aligned; and 

wherein said selecting step to select a printing 
process selects said second printing process in re- 
sponse to a determination that said print heads are 
not effectively aligned. 

20. A computer-readable medium according to Claim 

18, wherein said first printing process directs said 
print heads to print in a bidirectional manner, and 
wherein second printing process directs said print 
heads to print in a unidirectional manner; 

wherein said selecting step to select a printing 
process selects said first printing process in re- 
sponse to a determination that said print heads are 
effectively aligned; and 

wherein said selecting step to select a printing 
process selects said second printing process in re- 
sponse to a determination that said print heads are 
not effectively aligned. 

21. A computer-readable medium according to Claim 

17, wherein said first printing process directs said 
print heads to print by laterally scanning across said 
recording medium for a first predetermined plural 
number ol times, and wherein said second printing 
process directs said print heads to print by laterally 
scanning across said recording medium for a sec- 
ond predetermined plural number of times. 

22. A computer-readable medium according to Claim 

18, wherein said first printing process directs said 
print heads to print by laterally scanning across said 
recording medium for a first predetermined plural 
number of times, and wherein said second printing 
process directs said print heads to print by laterally 
scanning across said recording medium for a sec- 
ond predetermined plural number of times. 

23. A computer-readable medium according to Claim 
17, wherein said first printing process said plurality 
of print heads to print on said recording medium in 
accordance with said selected printing process and 
in accordance with said predetermined print data, 
and wherein said second printing process utilizes a 
selected subset of said plurality of print heads to 
print on said recording medium in accordance with 
said selected printing process and in accordance 
with said predetermined print data. 



24. A computer-readable medium which stores compu- 
ter-executable process steps, the computer-exe- 
cutable process steps for printing on a recording 
medium within a printer having a plurality of print 

5 heads, said print heads printing in accordance with 
predetermined print data by translating in lateral 
scans across said recording medium, said printer 
being capable of performing an alignment process 
for aligning said print heads, said computer-execut- 

10 able process steps comprising: 

a determining step to determine whether said 

print heads are effectively aligned; 

a printing step to print on said recording medi- 

15 urn, in response to a determination that said 

print heads are effectively aligned, by directing 
said plurality of print heads to print in accord- 
ance with said predetermined print data in a bi- 
directional manner by laterally scanning across 

20 said recording medium for a first predetermined 

plural number of times; and 
a printing step to print on said recording medi- 
um, in response to a determination that said 
print heads are not effectively aligned, by di- 

25 recting a selected subset of said plurality of 

print heads to print in accordance with said pre- 
determined print data in a unidirectional man- 
ner by laterally scanning across said recording 
medium for a second predetermined plural 

30 number of times. 

25. A computer device for controlling printing on a re- 
cording medium within a printer having a plurality of 
print heads, said print heads printing in accordance 

35 with predetermined print data by translating in lat- 
eral scans across said recording medium, said 
printer being capable of performing an alignment 
process for aligning said print heads, a first printing 
process and a second printing process, said com- 

40 puter device comprising: 

a memory area; and 

a processor that (i) determines whether said 
print heads are effectively aligned, (ii) selects a 

45 printing process, based on the determination of 

whether said print heads are effectively 
aligned, of either said first printing process or 
said second printing process, and (iii) directs 
printing on said recording medium in accord- 

50 ance with said selected printing process and in 

accordance with said predetermined print data. 

26. A computer device according to Claim 25, wherein 
said plurality of print heads includes at least a first 

55 print head and a second print head, and wherein 
said first printing process is performed by said first 
print head and said second print head, and said sec- 
ond printing process is performed by either said first 
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print head or said second print head. 

27. A computer device according to Claim 25, wherein 
said first printing process directs said print heads to 
print in a bidirectional manner, and wherein second 
printing process directs said print heads to print in 
a unidirectional manner; 

wherein said selecting step selects said first 
printing process in response to a determination that 
said print heads are effectively aligned; and 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

28. A computer device according to Claim 26, wherein 
said first printing process directs said print heads to 
print in a bidirectional manner, and wherein second 
printing process directs said print heads to print in 
a unidirectional manner; 

wherein said selecting step selects said first 
printing process in response to a determination that 
said print heads are effectively aligned; and 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

29. A computer device according to Claim 27, wherein 
said first printing process directs said print heads to 
print by laterally scanning across said recording 
medium for a first predetermined plural number of 
times, and wherein said second printing process di- 
rects said print heads to print by laterally scanning 
across said recording medium for a second prede- 
termined plural number of times. 

30. A computer device according to Claim 28, wherein 
said first printing process directs said print heads to 
print by laterally scanning across said recording 
medium for a first predetermined plural number of 
times, and wherein said second printing process di- 
rects said print heads to print by laterally scanning 
across said recording medium for a second prede- 
termined plural number of times. 

31. A computer device according to Claim 25, wherein 
said first printing process utilizes said plurality of 
print heads to print on said recording medium in ac- 
cordance with said selected printing process and in 
accordance with said predetermined print data, and 
wherein said second printing process utilizes a se- 
lected subset of said plurality of print heads to print 
on said recording medium in accordance with said 
selected printing process and in accordance with 
said predetermined print data. 

32. A computer device for controlling printing on a re- 
cording medium within a printer having a plurality of 
print heads, said print heads printing in accordance 



with predetermined print data by translating in lat- 
eral scans across said recording medium, said 
printer being capable of performing an alignment 
process for aligning said print heads, said computer 
5 device comprising: 

a memory area; and 

a processor that (i) determines whether said 
print heads are effectively aligned, (ii) directs 

10 printing on said recording medium, in response 

to a determination that said print heads are ef- 
fectively aligned, whereby said plurality of print 
heads are directed to print in accordance with 
said predetermined print data in a bidirectional 

is manner by laterally scanning across said re- 

cording medium for a first predetermined plural 
number of times, and (iii) directs printing on 
said recording medium, in response to a deter- 
mination that said print heads are not effectively 

20 aligned, whereby a selected subset of said plu- 

rality of print heads is directed to print in accord- 
ance with said predetermined print data in a 
unidirectional manner by laterally scanning 
across said recording medium for a second pre- 

25 determined plural number of times. 

33. A method according to Claim 1 , further comprising 
a step of determining a printing mode for printing 
said predetermined print data, and wherein said first 

30 printing process directs said print heads to print in 
a bidirectional manner, and wherein said second 
printing process directs one of said print heads to 
print in a unidirectional manner, and wherein said 
selecting step, in response to a determination that 

35 said print mode is a color print mode and a deter- 
mination that said print heads are effectively 
aligned, selects said first printing process, and 
wherein said selecting step, in response to a deter- 
mination that said print mode is a color print mode 

40 and a determination that said print heads are not 
effectively aligned, selects said second printing 
process. 

34. A method according to Claim 1, wherein said first 
45 printing process directs said print heads to print in 

a bidirectional manner, and wherein said second 
printing process directs one of said print heads to 
print in a bidirectional manner. 

50 35. A method according to Claim 34, further comprising 
a step of determining a printing mode for printing 
said predetermined print data, and wherein said se- 
lecting step, in response to a determination that said 
print mode is not a color print mode and a determi- 

55 nation that said print heads are effectively aligned, 
selects said first printing process, and wherein said 
selecting step, in response to a determination that 
said print mode is not a color print mode and a de- 



63 



BNSOOCID: <EP 1044816A2J_> 



125 



EP 1 044 816 A2 



126 



termination that said print heads are not effectively 
aligned, selects said second printing process. 

36. Computer-executable process steps according to 
Claim 9, further comprising code to determine a s 
printing mode for printing said predetermined print 
data, and wherein said first printing process directs 
said print heads to print in a bidirectional manner, 
and wherein said second printing process directs 
one of said print heads to print in a unidirectional 10 
manner, and wherein said code to select : in re- 
sponse to a determination that said print mode is a 
color print mode and a determination that said print 
heads are effectively aligned, selects said first print- 
ing process, and wherein said code to select, in re- is 
sponse to a determination that said print mode is a 
color print mode and a determination that said print 
heads are not effectively aligned, selects said sec- 
ond printing process. 

20 

37. Computer-executable process steps according to 
Claim 9, wherein said first printing process directs 
said print heads to print in a bidirectional manner, 
and wherein said second printing process directs 
one of said print heads to print in a bidirectional 2S 
manner. 

38. Computer-executable process steps according to 
Claim 37, further comprising code to determine a 
printing mode for printing said predetermined print 30 
data, and wherein said code to select, in response 

to a determination that said print mode is not a color 
print mode and a determination that said print heads 
are effectively aligned, selects said first printing 
process, and wherein said code to select, in re- 3S 
sponse to a determination that said print mode is 
not a color print mode and a determination that said 
print heads are not effectively aligned, selects said 
second printing process. 

40 

39. Computer-executable process steps according to 
Claim 1 7, further comprising a determining step to 
determine a printing mode for printing said prede- 
termined print data, and wherein said first printing 
process directs said print heads to print in a bidirec- 45 
ttonal manner, and wherein said second printing 
process directs one of said print heads to print in a 
unidirectional manner, and wherein said selecting 
step, in response to a determination that said print 
mode is a color print mode and a determination that so 
said print heads are effectively aligned, selects said 
first printing process, and wherein said selecting 
step, in response to a determination that said print 
mode is a color print mode and a determination that 
said print heads are not effectively aligned, selects ss 
said second printing process. 

40. Computer-executable process steps according to 



Claim 17, wherein said first printing process directs 
said print heads to print in a bidirectional manner, 
and wherein said second printing process directs 
one of said print heads to print in a bidirectional 
manner. 

41. Computer-executable process steps according to 
Claim 40, further comprising a determining step to 
determine a printing mode for printing said prede- 
termined print data, and wherein said selecting 
step, in response to a determination that said print 
mode is not a color print mode and a determination 
that said print heads are effectively aligned, selects 
said first printing process, and wherein said select- 
ing step, in response to a determination that said 
print mode is not a color print mode and a determi- 
nation that said print heads are not effectively 
aligned, selects said second printing process. 

42. A computer device according to Claim 25, wherein 
said processor further determines a printing mode 
for printing said predetermined print data, and 
wherein said first printing process directs said print 
heads to print in a bidirectional manner, and where- 
in said second printing process directs one of said 
print heads to print in a unidirectional manner, and 
wherein said selecting step, in response to a deter- 
mination that said print mode is a color print mode 
and a determination that said print heads are effec- 
tively aligned, selects said first printing process, and 
wherein said selecting step, in response to a deter- 
mination that said print mode is a color print mode 
and a determination that said print heads are not 
effectively aligned, selects said second printing 
process. 

43. A computer device according to Claim 25, wherein 
said first printing process directs said print heads to 
print in a bidirectional manner, and wherein said 
second printing process directs one of said print 
heads to print in a bidirectional manner. 

44. A computer device according to Claim 43, wherein 
said processor further determines a printing mode 
for printing said predetermined print data, and 
wherein said selecting step, in response to a deter- 
mination that said print mode is not a color print 
mode and a determination that said print heads are 
effectively aligned, selects said first printing proc- 
ess, and wherein said selecting step, in response 
to a determination that said print mode is not a color 
print mode and a determination that said print heads 
are not effectively aligned, selects said second 
printing process. 

45. A printer device for controlling printing of predeter- 
mined print data on a recording medium, said print- 
er device comprising: 
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a memory area; 

a plurality of print heads, said print heads print- 
ing in accordance with said predetermined print 
data by translating in lateral scans across said 
recording medium; and 

a processor that (i) determines whether said 
print heads are effectively aligned, (ii) selects a 
printing process, based on the determination of 
whether said print heads are effectively 
aligned, of either a first printing process or a 
second printing process, and (in) directs print- 
ing on said recording medium in accordance 
with said selected printing process and in ac- 
cordance with said predetermined print data. 

46. A printer device according to Claim 45, wherein said 
plurality of print heads includes at least a first print 
head and a second print head, and wherein said first 
printing process is performed by said first print head 
and said second print head, and said second print- 
ing process is performed by either said first print 
head or said second print head. 

47. A printer device according to Claim 45, wherein said 
first printing process directs said print heads to print 
in a bidirectional manner, and wherein second print- 
ing process directs said print heads to print in a uni- 
directional manner; 

wherein said selecting step selects said first 
printing process in response to a determination that 
said print heads are effectively aligned; and 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

48. A printer device according to Claim 46, wherein said 
first printing process directs said print heads to print 
in a bidirectional manner, and wherein second print- 
ing process directs said print heads to print in a uni- 
directional manner; 

wherein said selecting step selects said first 
printing process in response to a determination that 
said print heads are effectively aligned; and 

wherein said selecting step selects said sec- 
ond printing process in response to a determination 
that said print heads are not effectively aligned. 

49. A printer device according to Claim 47, wherein said 
first printing process directs said print heads to print 
by laterally scanning across said recording medium 
for a first predetermined plural number of times, and 
wherein said second printing process directs said 
print heads to print by laterally scanning across said 
recording medium for a second predetermined plu- 
ral number of times. 

50. A printer device according to Claim 48, wherein said 
first printing process directs said print heads to print 



by laterally scanning across said recording medium 
for a first predetermined plural number of times, and 
wherein said second printing process directs said 
print heads to print by laterally scanning across said 
s recording medium for a second predetermined plu- 
ral number of times. 

51 . A printer device according to Claim 45, wherein said 
first printing process utilizes said plurality of print 

io heads to print on said recording medium in accord- 
ance with said selected printing process and in ac- 
cordance with said predetermined print data, and 
wherein said second printing process utilizes a se- 
lected subset of said plurality of print heads to print 

*5 on said recording medium in accordance with said 
selected printing process and in accordance with 
said predetermined print data. 

52. A printer device according to Claim 45, wherein said 
20 processor further determines a printing mode for 

printing said predetermined print data, and wherein 
said first printing process directs said print heads to 
print in a bidirectional manner, and wherein said 
second printing process directs one of said print 

2S heads to print in a unidirectional manner, and 
wherein said selecting step, in response to a deter- 
mination that said print mode is a color print mode 
and a determination that said print heads are effec- 
tively aligned, selects said first printing process, and 

30 wherein said selecting step, in response to a deter- 
mination that said print mode is a color print mode 
and a determination that said print heads are not 
effectively aligned, selects said second printing 
process. 

35 

53. A printer device according to Claim 45, wherein said 
first printing process directs said print heads to print 
in a bidirectional manner, and wherein said second 
printing process directs one of said print heads to 

40 print in a bidirectional manner. 

54. A printer device according to Claim 53, wherein said 
processor further determines a printing mode for 
printing said predetermined print data, and wherein 

45 said selecting step, in response to a determination 
that said print mode is not a color print mode and a 
determination that said print heads are effectively 
aligned, selects said first printing process, and 
wherein said selecting step, in response to a deter- 

so mination that said print mode is not a color print 
mode and a determination that said print heads are 
not effectively aligned, selects said second printing 
process. 

55 55. A signal carrying processor implementable instruc- 
tions for controlling a processor to carry out a meth- 
od according to any one of claims 1 to 8, 33 to 35. 
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TABLE A 

THE SAMPLE COMMAND FLOW IN CASE OF BC-21 1 2. COLOR MODE. 360dpi AND 85' OF PRINT BUFFER IS MENTIONED BELOW. 



[UCT] UNIVERSAL COORDINATED TIME (SET CURRENT TIME) 

[RESET] PRINTER RESET (SOFTWARE RESET] 

[COMPRESS] SELECT DATA COMPRESSION (BYTE PACKING MODE) 

[BTM MARGIN] SELECT BOTTOM MARGIN 

[DEFINE BUF] DEFINE PRINT BUFFER A 

(DEFINE BUFl DERNE PRINT BUFFER B 

(DEFINE COLOR] DEFINE PRINT COLOR 

(DEFINE_PULSE) DEFINE HEAT PULSE TABLE 

[DEFINE_CONTROL] DEFINE BUFFER CONTROL TABLE 

[LOAD] PAPER LOAD 

[SKIP] RASTER SKIP TO THE PRINT POSITION FOR THE 1ST SCAN 

[DIRECTION] SET PRINT DIRECTION FOR THE 1ST SCAN 

[EDGE] SET LEFT AND RIGHT EDGE OF HEAD A FOR THE 1ST SCAN 

[EDGE] SET LEFT AND RIGHT EDGE OF HEAD B FOR THE 1ST SCAN 

r 

LOOP!: BEGIN REPEAT UNTIL [EJECT] COMMAND 

[SPEED] SELECT PRINT SPEED FOR THE 1ST SCAN 

[SIZE] SELECT DROPLET SIZE OF HEAD A FOR THE 1ST SCAN 

[SIZE] SELECT DROPLET SIZE OF HEAD B FOR THE 1ST SCAN 

[SELECT_PULSE] SELECT HEAT PULSE TABLE n FOR NEXT SCAN 

[SELECT_CONTROL] SELECT BUFFER CONTROL TABLE xx OF HEAD A FOR THE 1ST SCAN 

[SELECT_CONTROL] SELECT BUFFER CONTROL TABLf xx OF HEAD B FOR THE 1ST SCAN 

(L00P2: BEGIN REPEAT 1 B TIMES FOR 9 BLOCK (45INCH/D JINCH) x 2 HEAD (HEAD A AND HEAD B) 

[BLOCK] SELECT PRINT BLOCK 
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